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INTRODUCTION 
 
 
 
 
 
 
 
INTRODUCTION 
Evolution of bipedalism has rewarded some changes in the architecture 
of human foot. The most important change is the development of arches of 
foot. There are three important arches in the foot. They are namely medial 
longitudinal arch, lateral longitudinal arch and transverse arch. These arches 
play an important role in the stability of joints. The main joint of this arch is the 
subtalar joint which participates in the major function of inversion and eversion 
of foot. The bones involved in the formation of subtalar joint are talus and 
calcaneum. Talus connects the long bones of leg with the short bones of foot, 
whereas calcaneum is the bone of heel with unique features. 
 CALCANEUM - A UNIQUE TARSAL BONE:  
Calcaneum is the largest, longest & strongest bone of the tarsal bone 
series. Calcaneum is situated below the talus and it extends behind the talus. It 
is the first bone to ossify among the tarsal bones and is designed to support the 
body’s weight in day today stress. It endures a great degree of tensile force.  It 
resists putrefaction and is one of the last bones to decay in respect to other 
skeletal bones. So it can be preserved for longer duration under natural climatic 
conditions. Calcaneum is one of the key tools for the forensic experts for 
personal identification of sex and stature, when they need to give expert 
opinion from the skeletal remains recovered in suspected cases of homicide, 
suicide and mass disaster.  
 
 
 
The calcaneum is a cancellous bone. It has thin cortical shell. There are 
areas of thick cortex in posterior facet, sustentaculum tali and in the region of 
angle of Gissane. These areas can be used in bone density measurements to 
assess the calcaneal fracture risks followed by which the reduction osteotomy 
can be planned.  Calcaneum indexing is an effective method of screening the 
osteoporosis induced risk of calcaneal fractures (Grays Anatomy 40th 
edition). 
GROSS OUTLOOK OF CALCANEUM: 
 The standard anatomy text books state that calcaneum has six surfaces 
(Figure 1). The anterior surface is the smallest. It has an articular facet for the 
cuboid to form the calcaneocuboid joint. This facet is oblique and cancavo 
convex, which is the unique feature of human calcaneum. The posterior 
surface is divided into three parts. A smooth superior part, separated from the 
calcaneal tendon by a bursa and adipose tissue. The largest middle area limited 
above by a groove and below by a rough ridge for the attachment of 
Tendoachilles. The inferior striated area is inclined downwards and forwards. It 
is the subcutaneous weight bearing area. The lateral surface is flat. The 
proximal part is deeper than the distal part and this surface has the peroneal 
tubercle for the attachment of peroneal retinaculum and facilitates the passage 
of peroneal tendons.  The medial surface is concave in vertical direction. The 
concavity is formed by the shelf like projection of sustentaculum tali from the 
distal part of the upper border. Sustentaculum is the unique feature of 
calcaneal bone. Superior surface is divided into three parts. The posterior  
 
 
 
 
 
 
 
 
 
 
 
 
 
third is non- articular. It is rough and concavo convex.The middle third is 
articular with a large posterior articular facet to articulate with the body of 
talus and an elongated middle articular facet to articulate with the head of 
talus.The anterior third is partially articular with a small anterior articular 
facet to articulate with the tip of head of the talus. Thus the articular facets on 
the superior surface of calcaneum articulate with the talus in the formation of 
subtalar joint. On the superior surface distal to the posterior articular facet, lies 
a rough narrow depression extending on the medial border of this surface 
forming the sulcus calcanei which completes the sinus tarsi of talus bone. It is 
also defined as the posterior calcaneal groove. Distal to the sulcus calcanei 
there is a middle articular facet which is limited to the sustentaculum tali. It is 
limited by a non-articular interval anteriorly. This interval divides the anterior 
facet from the middle facet, which is a matter of variation of each calcaneum. It 
is also named as anterior calcaneal groove in some articles. It may differ in 
different ethnic groups depending on which the types of calcaneum can be 
classified. The inferior surface is rough and irregular with tubercles, one 
anterior tubercle and two posterior (one medial and one lateral) tubercles, for 
the attachments of muscles and ligament. (Breathnach 6th Edition)  
The morphology of posterior calcaneal facet shows no great variations. 
But there are divergent views related to the morphology of anterior and middle 
facets depending on the degree of separation, fusion and shape. There are 
several patterns of these articular facets. There are non-articular sulci or groove 
between these facets. The anterior calcaneal groove is between the anterior and 
 
 
middle facet. The posterior calcaneal groove is between the middle and 
posterior facet (Ipek Ergur et al 2011). There are racial and individual 
differences in the anatomical construction of calcaneum. The difference mainly 
depends on the number of facets and configuration of facets. It plays a major 
role in the static and kinetic dynamics of the foot depending on the presence of 
groove between the anterior and middle articular facets.  
 
BLOOD SUPPLY OF CALCANEUM: 
Growth or healing   needs an optimal vascularity.  Calcaneum is 
supplied by medial calcaneal artery from the posterior tibial artery and lateral 
calcaneal artery from the fibular artery. The posterior calcaneal anastomosis is 
formed by the posterior tibial artery and fibular artery. It is also supplied by 
medial plantar artery, lateral plantar artery, and artery of tarsal sinus, artery of 
tarsal canal, branches of lateral artery and some perforating fibular arteries. 
Numerous nutrient artery foramina were observed in sulcus calcanei and 
in the posterior calcaneal groove. Calcaneal fracture involving posterior 
calcaneal groove produces massive hemorrhage due to the rich vascularity of 
this area (Grays Anatomy 40th edition). 
In reconstruction of calcaneum either in anomalies or in fractures, the 
vascularity plays the key role in healing of the wound, callus formation and to 
plan for the possible prognosis. So it would be a valuable indicator if we 
observe the vascular foramen in the inter articular facetal space. 
 
 
 
CALCANEUM IN SUBTALAR JOINT STABILITY AND WEIGHT TRANSMISSION:   
 Calcaneal facetal configuration was visualized and documentd with 
many anatomical variations without functional importance. But BRUNKER in 
1987 for the first time explained about the stability of the joint in relation to 
different types of articular facets. They are functionally important as they could 
influence the subtalar joint stability. Related to biomechanics of subtalar joint, 
calcaneum is irregularly cuboidal with its long axis being inclined distally 
upwards and laterally. The stability of the subtalar joint depends on the height 
of the longitudinal arch which involves the elevation of the calcaneum. It 
increases the inclination of subtalar joint axis approximately to 42o from the 
horizontal plane. It involves mainly the inclination of articular facets (Perry 
1983, Mann 1991). So the angles formed between these facets play a major 
role in the formation of the longitudinal arch. The sustentaculum talus is at the 
apex of the longitudinal arch. It occupies the key position in subtalar joint. It 
acts as a bracket which can support the talar head and is responsible for the 
transmission of force to lateral arch. So the structural stability of subtalar joint 
is established laterally by the lateral process of talus and anterolateral process 
of calcaneum whereas the medial stability is established by sustentaculum tali 
and medial tubercle of talus. Thus calcaneum plays a vital role in weight 
bearing, weight transmission, gait and posture. It gives leverage for the action 
of posterior calf muscles. 
 
 
 
 
COMPARISON OF CALCANEUM IN PRIMATES AND NON-PRIMATES: 
 Primates have elongated calcaneum in comparison to non-primates. This 
elongated calcaneum has shifted the fulcrum of the distal segment of foot from     
metatarsal head to tarsometatarsal joint. The elongation of calcaneum is due to 
the cuboid articular facet which is a unique feature of human calcaneum. It 
is on the anterior surface of the calcaneum. This facet is asymmetrical because 
the superior part is projecting more anteriorly than the inferior part; the medial 
part is more concave favoring the articulation of cuboid bone with its beak like 
process. This arrangement makes calcaneum as a key stone in the architecture 
of lateral longitudinal arch of foot. It makes the calcaneo cuboid joint closely 
packed in stance phase of bipedal locomotor gait. This close packing is absent 
in other primates like chimpanzees and ape due to the absence of the 
anterolateral projection of cuboidal articular facet of calcaneum.  
CALCANEAL MORPHOLOGY IN FETUS: 
 In 1965 Bunning and Barnett documented the types of calcaneum on the 
basis of the nature of fusion of the articular facets on the superior surface of the 
fetal calcaneum. They studied 206 feet of fetuses belonging to age group 6-9 
months of different races. They discussed that the types of calcanei of the 
fetuses were in accordance with their adult population. They concluded that the 
type of calcaneum is genetically determined. Since that era there was no such 
study done, particularly in Indian population. So in this study even we were 
curious to explore the same hypothesis that the calcaneal types are genetically 
 
 
determined not habitually determined like sitting, standing, nature of job, types 
of footware etc. The type of calcaneum is unique for different individuals and 
different races, which are genetically determined, could be reanalyzed in this 
study (Langman 12th edition).  
CALCANEAL MORPHOLOGY IN CONGENITAL DISORDERS OF FOOT: 
 The relation between the talus and calcaneus is distorted in some 
congenital disorder such as pes-equino valgus. Though talocalcaneal coalition 
may occur at any of the three facets, the majority of fusion of facets involves 
the middle facet. The tarsal coalition is the frequent cause of painful flat foot. 
In children certain types of calcanei give rise to severe flat foot with growing 
pain, early fatigue while walking and running. These in turn leads to problems 
in ankle with earlier injuries in the hip, knee and low back; associated with 
tendinitis, plantar fasciitis and fore foot pain (Moore 5th Edition). 
 Depending on the extent of talocalcaneal coalition and age of the person, 
the need for medical or surgical interventions like excision of middle facet or 
fusion of subtalar joint facets or triple arthrodesis could be planned. For 
planning these surgical interventions the morphometry of calcaneum is 
mandated. 
FRACTURE CALCANEUM: 
 In fractures of tarsal bones, calcaneum accounts for 60% of tarsal 
injuries. Calcaneal fractures are classified into intra articular fracture and extra 
articular fracture based on the involvement of posterior facet of calcaneum 
 
 
which is participating in the subtalar joint formation and establishing the 
stability of this joint. Extra articular fractures are less common, whereas 60-
75% of calcaneal fractures are intra articular.  These fractures are further 
classified into different types depending on the tripartite anatomic division of 
calcaneum. 
 Extra articular fracture is divided into three types. 
 Type A involves anterior 1/3rd of calcaneum 
 Type B involves middle 1/3rd of calcaneum 
 Type C involves posterior 1/3rd of calcaneum, posterior tuberosity and 
medial tubercle. 
 Intra articular fracture is divided into four types as per SANDER’S 
classification. 
 Type I   - non displaced fracture 
 Type II - single intra articular fracture divided the calcaneum into two 
pieces. 
 Type II A – fracture on lateral part of calcaneum. 
 Type II B – fracture on central part of calcaneum. 
 Type II C – Fracture on medial part of calcaneum. 
 Type III – Two fracture lines divides the calcaneum into 3 articular 
pieces. 
 Type III AB - one lateral line and one central line 
 
 
 Type III AC - one lateral line and one medial line  
 Type III BC - one central line and one medial line  
 If there is extra articular fracture with displacement there is alteration in 
heel height, width and the foot assuming varus position. If there is intra 
articular fracture with displacement there is alteration in, posterior articular 
surface and also antero medial articular surface and calcaneocuboid joint.When 
we plan about the treatment of calcaneal fracture, the literatures elaborate that 
the non-operative management of calcaneum gives a poor outcome. This could 
be due to loss of original position of the calcaneum due to loss of height of 
calcaneum, distorsion of posterior facet, loss of integrity of calcaneocuboid and 
subtalar joints. Compression of retroperoneal space leads to Varus and Valgus 
deformities. 
 Surgical intervention gives a better outcome (Figure 2).  Even though 
there are several surgical approaches like medial access, lateral access, 
combined access and extended lateral access, the minimally invasive 
techniques have its own advantages in the reconstruction of calcaneum with 
minimal vascular injuries and soft tissue injuries [Campbells 5th edition]. 
So the detailed knowledge of morphometry of calcaneum is essential to 
reach the exact site of lesions, and plan for reconstruction of calcaneum. 
 
 
 
 
 
 
 
 
X RAY - A SCREENING TOOL IN FRACTURES:  
 Even in this modern era of management of disease, the basic screening 
tool for fracture is the X ray. In 1931 Lorenz Bohler, who was a pioneer in 
treatment of calcaneal fractures designed the measurements of angle in X rays 
to decide about the management protocols, depending on the nature of fracture 
calcaneum. 
Bohler’s angle is named as Tuber joint angle and Salient angle (Figure 
3). It is the angle between the first line connecting the upper most points of 
posterior facet, and the tuber calcanei and the second line connecting the 
uppermost points of the posterior facet and anterior process. In his original 
paper he reported that the normal range of Bohler’s angle is between 30-35o. 
Decrease in this angle represents the posterior facet, the weight bearing facet is 
collapsed. Any fracture allows the posterior part of calcaneum to move on the 
anterior part, which leads to change in Bohler’s angle. Bohler’s angle is one of 
the well accepted methods of quantifying the fractures, assessing the 
displacement of articular facets, assessing the prognosis and fracture healing. 
 Gissane’s angle is another calcaneal angle (Figure 4). It was measured 
between the line connecting the lateral border opacity of posterior facet and 
line drawn on the linear opacity of anterior facet. Gissane’s angle ranges 
between 95o-105o; beyond these ranges represents fracture calcaneus. Gissane’s 
angle helps in assessment of axial compression force, which reflects the 
relation of anterior, middle and posterior facets. In precise, alteration in arch of 
 
 
foot is assessed by the Bohler’s angle and rotation of posterior facet is assessed 
by the Gissane’s angle. So normal angle measurement of Bohler’s and 
Gissane’s angle are vital for a podiatrist who plans reconstruction and 
monitoring the prognosis and outcome. 
SPUR IN CALCANEUM: 
 During evaluation of heel pain, the presence of calcaneal spur was one 
of the important etiologies. 11 to 16% of general population has the 
radiographic evidence of calcaneal spur. 80% patients with plantar fasciitis 
have plantar spur. Originally the spur was identified in 1900 by a German 
physician Plettner and he coined the term “kalkaneussporn”. This osseous 
spur on calcaneal tubercles are oestophytic growths. This calcaneal 
enthesophytes are the oestotendinous or oesteoligamentous junctions that tend 
to grow along the direction of pull of ligaments or tendons. Even though the 
etiology and pathophysiology of enthesophyte formation is a topic of debate, 
there prevails a hyphothesis that the longitudinal traction or vertical 
compression may be a causative factor. These enthesophytes are seen on 
different surfaces of the calcaneum. Depending on the presence of its site, it is 
devided into two main types, plantar spur and dorsal spur. The plantar or 
inferior spur is found on the inferior surface of calcaneum. The inferior surface 
of calcaneum is rough irregular with tubercles for the attachment of muscles, 
ligaments and plantar fascia. The medial tubercle is comparatively long and 
broad than the lateral tubercle. In some occasions, just anterior to the calcaneal 
tubercles, the oestophytic growth is observed and is named as medial spur or 
 
 
lateral spur. The Dorsal or posterior or superior spur is found on the posterior 
surface of calcaneum at the site of attachment of tendoachilles (Figure 5). 
 In 2000 Benjamin et al documented that the posterior spur can develop 
in the Achilles tendon without any tear or inflammatory reaction, whereas in 
2002 Kumai and Benjamin documented that the plantar spur developing in the 
deep surface of plantar fascia are heralded by degenerative changes happening 
within it. The spurs grow by both intramembranous and endochondral 
ossification. In some radiographic studies and few dry bone studies, variations 
in gross morphology of calcaneal spur have been reported with reference to 
age, sex, side of body, occupation of the person. So we planned to observe 
and analyze the incidence of calcaneal spur both in plantar and posterior 
surfaces in dry bones in relation to type of calcanei along with its few 
morphometric measurements. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
NEED FOR THE STUDY 
 
 
 
 
 
 
NEED FOR THE STUDY 
 Observation of morphology of calcaneum in relation to shape, surface 
area and number articular facets give a wide knowledge about the “type 
of calcaneum” both in fetal wet bones and adult dry bones in our 
population.  
 The morphometry of total calcaneum, articular facets, interfacetal 
grooves and sustentaculum tali gives an in-depth knowledge about the 
“types of calcaneum” in dry bones. Because the relation between the 
articular facets is distorted along with the interfacetal grooves and 
sustentaculum tali in Congenital anomalies of foot. Calcanei with 
certain types of talar articular facets on the superior surface predispose 
to subtalar arthritis in elderly people.  
 The appropriate number of vascular foramina gives an assessment about 
the quantity of hemorrhage and prognosis of healing in corrective 
osteotomies. 
 As the stability of subtalar joint depends on the height of longitudinal 
arch, the reconstruction of near normal Bohler’s  and Gissane’s angle 
in an injured calcaneum is one of the important pre-operative and post-
operative assessment tool in treatment, evaluation of prognosis and 
outcome of treatment. So the measurement of angles of calcaneum both 
 
 
in dry bone and in X ray images would be useful in reconstruction of 
calcaneum and arches of foot.  
 The morphology and morphometric study of calcaneal spur would aid 
the podiatrist in the management plan of surgical or non surgical 
treatment. 
Subtalar instability is one of the podiatric problems for the foot and 
ankle surgeons, for early prevention of articular facet degeneration and early 
intervention of various mal alignments of the articular facets of calcaneal bone 
in conditions like intra articular fractures, talo calcaneal coalition, subluxation 
and congenital dysmorphologies related to size and shape of bone and its 
articular facets. The relation of calcaneum with other bones of foot is to be 
considered for internal or external fixation and also for arthrodesis. Our 
podiatrists are using western literatures and reviews as references for the 
interventional procedures of calcaneal derangements. 
So we planned to collect the following data to design "Indian reference 
value" for Indian population. To expand the knowledge base and the intricacies 
of morphology, it is necessary to document difference in occurrence however 
small they might seem to be. So the detailed measurements of length, breadth, 
height of calcanei; variance of anterior, middle, posterior facet shape, size, and 
surface area; the morphology and morphometry of the groove between the 
facets and also the angle between the facets were taken. 
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AIM AND OBJECTIVES 
AIM 
To create an in-depth knowledge about the morphology and 
morphometry of the calcaneum in adults and fetuses. 
OBJECTIVES 
           To enlighten the knowledge of 
 The Anatomist in teaching normal anatomy of calcaneum to medical 
and paramedical students 
 The Radiologist in accurate diagnosis of dysmorphologies and 
fractures  
 The Indian orthopedic surgeons during reconstruction of the calcaneal 
architecture in forming the arches of the foot in case of calcaneal 
fractures or flat foot. 
Dry bone study:  
 Types of calcaneum would be observed depending on the degree of 
separation of articular facets. 
 The morphology and morphometry would be observed in dry adult 
calcanei along with the most appropriate measurements of inter 
articular facetal grooves and sustentaculum tali.  
 
 
 The same parameters would be compared on both right and left side 
bones.  The patterns in the articular facets of the fetal calcanei would 
be compared with the adult patterns. 
Radiographic study:  
 Radiological evaluation of calcaneal angles in the digital x ray, lateral 
view of ankle joints.  
 The morphology and morphometry of calcaneal spur in dry bones and 
digital x rays would be observed.  
 The results of this study will be compared with the previous studies. 
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REVIEW OF LITERATURE 
I. DRY BONE STUDIES: 
In 1896 Testus studied 50 calcaneal dry bones. Out of which 30 bones 
belonged to Type B with fused articular facets and 20 bones belonged to Type 
A with separated articular facets. He discussed that there was no racial 
difference in his study. 
 In 1905 Laid Law studied the morphology of 750 calcanei. He stated 
that the sustentaculum tali which is a small primary division of the bone, varies 
considerably. He observed calcanei with short and long sustentaculum with 
complete separation of anterior and middle facets on the sustentaculum. He 
also observed anterior and middle facets completely fused and partially fused.  
  In 1963 and 1965 Bunning and Barnett classified calcanei into three 
types according to the number of articular facets on the superior surface, 
articulating with talus.  
 Type A - calcanei with three facets. Anterior, middle and posterior were 
separated by variable   intervals.  
 Type B - calcanei with two facets. Anterior and middle were either 
continuous completely or continuous with a notch between them.  
 
 
 Type C - calcanei with single facet only. Anterior, middle and posterior 
fused together to form a single facet. The functional and anatomical correlation 
was not established during that period.  
 They studied 246 adult Nigerian calcanei, 39 adult skeletons belonging 
to Calcutta (India), 194 wet calcanei belonging to British and 206 feet of 
fetuses (6-9 months) of different race. They reported that the adult European 
calcanei (67%) had Type predominance, the adult African calcanei (63%) had 
Type B predominance and Indian calcanei (78%) had Type B predominance. 
The incidence of Type A pattern in European male and female population was 
similar. But the incidence of Type B in African and Indian females was four 
times higher than the male population. As in adults, the African fetuses had 
more Type B incidence.  The Type B calcanei were predominant in males than 
females which was a similar finding both in adults and also in fetuses. The 
Racial difference and sexual dimorphism observed were also present in the 
same pattern in fetal studies, indicating that they are probably genetically 
determined. So they concluded that there were three types of calcanei which 
could be genetically determined. But the functional implications were not 
framed during that time. They also measured the surface area of the adult 
calcaneal articular facets. 
In 1972 Jha et al classified the calcanei in Indian population (Uttar 
Pradesh) into 4 sub-groups.  
 
 
Subgroup 1 – Anterior and middle articular facets completely fused to 
form single facet; Subgroup 2 – Anterior and middle articular facets 
incompletely separated from each other by means of a notch; Subgroup 3 – 
Anterior and middle articular facets separated from each other by a non 
articular area and Subgroup 4 – Absence of anterior articular facet. Only 
posterior and middle articular facets were present. The functional use of these 
types was not established at that period. 
In 1976 S.C.Gupta et al studied 401 dry Indian calcanei. They described 
the posterior talar facet which articulates with the body of talus on the basis of 
its shapes [circular, rectangular, triangular or irregular]. They classified the 
calcanei into 4 types depending on the number of articular facets and fusion of 
anterior and middle talar facets with one another which in turn is articulating 
with the head of talus. In Type 1 (67%), one continuous facet on the 
sustentaculum tali was present. This facet was either constricted (28%) or not 
constricted (39%). In Type 2 (26%), two articular facets present. One was on 
the sustentaculum tali and the other was on the distal part of calcaneus. The 
degree of separation between these two facets were measured and observed as  
(i) Narrow interval (9%) - Less than 2mm,  
(ii) Moderate interval (4%)  - Between 2-5 mm and  
(iii) Wide interval (13%) - More than 5mm.  
In Type 3 (5%) a single well defined facet on the sustentaculum tali was 
present.  In Type 4 (2%) a single facet on the sustentaculum tali in continuation 
 
 
with the posterior talar facet was found. They concluded that there was 
remarkable difference between the Egyptian and Indian calcanei pattern. 
Indians had predominant Type 1 (continuous single facet) and Egyptians had 
predominant Type 2 (separated facets). 
 In 1987 Brukner studied the variations in the human subtalar joint. He 
studied 32 dry adult human calcanei in Bloomington. He counted the facets 
and measured the surface area of the facets on the dry bone. The three angles of 
calcaneum which could be visualized clinically on the x ray were measured. 
 Angle A: It is the angle formed between posterior sub talar facet and 
calcaneo cuboid facet. The mean value was 47.53+4.47.  
 Angle B: It is the angle formed between lines drawn from the 
anteroplantar margin of calcaneal tuberosity to the plantar margin of the 
anterior aspect of calcaneum. The mean value was 18.09+5.21.  
 Angle C: It is the angle formed between lines drawn from anteroplantar 
margin of calcaneal tuberosity to angle formed by the posterior subtalar facet 
and the plantar margin of anterior aspect of calcaneus. The mean value was 
63.62+6.54. He concluded that patients with mobile two facet configuration 
can be treated with soft tissue techniques like exercise & joint mobilization but 
not with the three facet configuration. 
 In 1992 Porntip boonurangsri et al studied 230 Northeastern Thai 
calcanei. Out of which, 100 were wet calcanei and 130 dry calcanei. In that 
 
 
three types were observed. Type A had 2 seperate articular facets with four 
subtypes; Type B had anterior and middle facets fused into a common articular 
facet with 2 subtypes. Type C with anterior, middle, posterior talar articular 
facets coalescing into single facet was observed. They stated that both in dry 
and wet specimens, the percentage of incidence of types of talar articular facets 
were similar. The incidence of Type B (fused anterior and middle facets) was 
significantly higher than Type A (separate anterior and middle facets). The 
distribution of calcaneal types based on sex was studied only in wet specimens. 
The incidence of type B was higher in females than in males. 
 In 1993 Francine Drayer – verhagen et al studied 191 calcanei from 
Native Americans. They studied 191 calcanei for analyzing the sustentaculum 
tali facet morphology and osteoarthritis of subtalar joint. They classified the 
bones into 3 types. They observed (i) one continuous facet with fused anterior 
and middle facets in 54.5%, (ii) sustentaculum tali with 2 separate facets in 
which a distinct groove separate the anterior and middle facet in 26.7%, (iii) 
sustentaculum tali with medial facet only and no anterior facet in 18.8% and 
(iv) all the facets fused together (including the posterior) was not observed at 
all. 
 The angle formed by the intersection of medial and anterior facets of 
sustentaculum tali was determined. The angle was 149.1o for long continuous 
facet, 127.8o for two facet configurations and 136o for the medial facet only. 
They documented that population with long continuous facet and medial facet 
 
 
only configuration of sustentaculum may be at high risk of instability of sub 
talar joint than those population with 2 facet configuration. 
 Saadeh.F.A etal (2000) studied 300 dry adult calcanei of both sexes of 
Egyptian population. They identified 4 facetal patterns. Type I (63%) had 
continuous anterior and middle facets. Type II (30%) had separate anterior and 
middle facets with subtypes A, B and C depending on the degree of separation 
which ranges from less than 5mm to greater than 10mm. Type III (4.7%) had 
absent anterior facet. Type IV (2%) had anterior, middle and posterior facet 
confluent facets. The surface area was measured in this study with a kefful and 
Esser compensating polar planimeter. 
The surface area ranged as follows  
Pattern type Surface area 
(cm2) 
Mean range 
(cm2) 
Anterior and Middle facets 
confluent 
1.13-6.63 2.69 + 1.30 
Middle and Anterior facets distinct 0.30-4.00 3.03 + 1.30 
Anterior facet absent 0.55-2.88 1.77 + 0.16 
Anterior, middle & posterior facet 
confluent 
4.10-10.10 8.50 + 1.20 
  
 In 2010 Wajid Hussain et al studied 350 dry calcanei of Pakistani 
adults. They reported four types of calcanei. They were Type 1 - 62.9% 
(continuous Anterior & middle facets), Type 2 - 28.6% (separate Anterior & 
middle facets), Type 4 - 8.6% (distinct Anterior, middle and posterior articular 
 
 
facets) and Type 3 - All the facets fused together, was not found in any 
specimen. 
In 2011 Ipek Ergur et al studied 80 Turkish race calcanei of unknown 
age and gender. The measurement taken were (i) The mean anteroposterior 
length of calcaneus 74.7mm, (ii) The mean anterior transverse length of 
calcaneus 32.8mm and (iii) The mean posterior transverse length of calcaneus 
32.6mm.  
The measurements taken in the posterior calcaneal groove  were (i) The 
mean anterior 1/3 width 10.8mm, (ii) The mean middle 1/3 width 6.7mm, (iii) 
The mean posterior 1/3 width 8.5mm and (iv) The mean maximum depth 
2.3mm.  
The measurements taken on the sustentaculum tali were (i) The mean 
length – 12.6mm (ii) The mean thickness – 10.2 mm. The mean number of 
foramina in the posterior  calcaneal groove were (i) in Anterior 1/3rd – 3.8, (ii) 
in Middle 1/3 rd – 2.4 and (iii) in Posterior 1/3 rd – 1.8. Out of this 47.5% of the 
foramina were at the anterior 1/3 region. The mean width of the anterior 
calcaneal groove was 1-8 mm. This anterior calcaneal groove was placed 
13.33mm away from the calcaneo cuboid joint. They stated that the sulci 
present between the anterior and middle calcaneal facets were transitional type, 
as they were united or bridged. In 6% of cases the anterior facets were not seen 
at all. They observed the shape of the posterior calcaneal groove as (40%) 
funnel shape, (3.8%) reverse funnel shape, (35%) sandglass shape and (21.3%) 
 
 
cylinder shape.They also stated that the vascular foramen in the anterior 1/3 of 
the posterior calcaneal groove may cause excessive hemorrhage during fracture 
calcaneum. They concluded that due to the transitional nature of anterior 
interfacetal groove, absence of anterior articular facet and midfacet located 
towards the distal part of calcaneum, the extra articular calcaneal lengthening 
osteotomy may become the choice of procedure. 
In 2011 Muthukumaravel et al studied 237 dry bones of south India. They 
divided the calcanei into 5 patterns depending on the nature of the anterior, 
middle and posterior articular facets.  
(i) Pattern I (65.82%) – anterior and middle facets fused  
(ii) Pattern II (33.33%) – anterior and middle facets separate  
(iii) Pattern III (0%) – absent anterior facet. Middle and posterior facets 
separate  
(iv) Pattern IV (0.42%) – fusion of all the three facets  
(v) Pattern V (0.42%) – absent anterior facet, middle and posterior facets 
fused.  
 In pattern II – depending on the interfacetal distance, 3 subtypes were 
decided. 
 Subtype II A – less than 5mm (27%). Commonest in Indians. 
 Subtype II B – between 5 to10mm  (5.06%) 
 Subtype II C – More than 10mm (1.26%) 
 
 
They concluded that pattern I (fused anterior and middle facets) calcanei 
in Indians was predominant, compared to the pattern II predominance in 
European. They discussed that the racial difference is genetically determined 
and it is vital for the orthopedic surgeons in India who perform calcaneal 
osteotomy as they need modified techniques instead of following the European 
protocols. They also discussed about the predominance of pattern I calcanei in 
Indians which is more prone for subtalar arthritis. 
In 2012 Seema et al studied 300 North Indian calcanei. They were 
divided into 3 types.  
 Type A calcanei 42% with 2 separate anterior and middle articular facets 
for the talar head. It was further subdivided into 4 subtypes depending on 
the distance between the anterior and middle talar facets. In A1 (6%) – 
distance between anterior and middle talar facet was less than 2mm. In A2 
(13%) – distance between anterior and middle talar facet was 2 to 5mm. In 
A3 (16%) – distance between anterior and middle talar facet was more than 
5mm. In A4 (7%) – only one joint facet was identified as anterior facet.  
 Type B calcanei 56% with fused anterior and middle articular facets with 2 
subtypes depending on the separation between the two fused facets. B1 
(24%) – separation between the two anterior and middle facet was not 
complete and B2 (32%) – no separation between these two anterior and 
middle facets. 
 Type calcanei C (2%) – no separation between these three articular facets.  
 
 
They concluded that the most common pattern found was Type B. It was 
clinically important in the North Indian population due to highest incidence of 
subtalar arthritis. The required surgical techniques need modification in Type B 
calcanei. 
In 2013 Perumal et al observed 218 calcanei. Out of which, 122 
calcanei had spur formation. They were further divided into right and left sided 
spurs. They measured the length, breadth, thickness, and shapes of the spurs. 
They observed that the origin of the spur is more from the medial tubercle than 
from the lateral tubercle of the calcanei. They stated that the mean length of 
calcaneal spur was 0.95cm on the right side and 0.87cm on the left side. The 
mean breadth of the calcaneal spur was 1.73cm on the right side and 1.71cm or 
the left side. The mean thickness of the calcaneal spur was 0.26cm on the right 
side and 0.23cm on the left side. They observed and documented that the shape 
of the spur is circular, triangular and oblong. They observed that the right side 
spurs were longer, broader and thicker than the left side spur. Though the cause 
of spur formation is multifactorial, the predominant incidence of right sided 
spur could be due to biomechanical reasons. The normal alignment of 
structures could get altered due to the presence of spur which leads to 
instability of heal associated with pain. 
 In 2013 Deog – Imkim et al studied 104 right calcanei for sex 
determination in Korean population using discriminant analysis. They 
discussed in their research work that the variables of bony measurements of 
Korean calcanei were larger than in Chinese, south African blacks and whites 
 
 
and in south Italians.They stated that the calcaneum in Chinese appeared to be 
shorter and higher than that in Koreans. The body of calcaneum in Koreans was 
wider than in South African whites. Even though the Korean and Chinese are 
both Asians populations, the results of measurements were not the same. Such 
difference might also be due to genetics, habitual behaviors and variations in 
stature. 
In 2013 Shweta et al studied the calcanei of Gujarat population. 
According to this study 205 dry adult calcanei were divided into 5 patterns.  
(i) Pattern 1 (65.82%) – Fused of anterior and middle facets  
(ii) Pattern 2 (33.33%) – Separate anterior and middle facets,  
(iii) Pattern 3 (4.39% ) – Absent anterior facet and  
(iv) Pattern 4 (0) – Fusion of all the three facets anterior, middle and 
posterior.  
 The pattern 1 was subdivided based on the constriction between the 
anterior and middle facets. (Subtype I a – with constriction, Subtype I b – 
without constriction). The pattern 2 was subdivided based on the interfacetal 
distance as, Subtype 2 a – less than 3mm, Subtype 2 b – between 3 to 5mm and 
Subtype 2 c – more than 5mm. 
 In this study, Pattern I was predominant (65.82%) with the subtype I b 
of fused anterior and middle without constriction. It was followed by pattern II 
(33.33%) with the subtype IIb of 3-5mm interfacetal distance. This observation 
was compared with the Egyptian study in which pattern II with subtype IIa was 
 
 
predominant. In this study they measured the surface area of the facets for 
assessing the stability of the sub talar joint. They observed that the surface area 
available in pattern 1 was greater than that in pattern 2. They concluded that in 
Indians, pattern 1(fused anterior and middle facets) was predominant compared 
to pattern 2 (separate anterior and middle facets) in Europeans. 
 
In 2013 Jagdev Singh Kullar et al at (Punjab) India studied 200 dry 
adult human calcanei (100 right and 100 left) of unknown age and sex. The 
calcanei were classified on the basis of the talar articular facets on middle part 
of the superior surface of calcaneum. Type I calcanei had the maximum 
incidence (72%) and Type IV calcanei had the minimum incidence (0.5%)  
They studied the calcaneal enthesophytes in detail and they classified them 
according to the types of calcaneum. Both dorsal and plantar spurs had 4.5% 
incidence. Out of which 3% falls under Type I calcanei, 1% falls under Type II 
calcanei and 0.5% falls under Type IV calcanei. There was no spur in type III. 
CALCANEI WITH SPUR: Type I calcanei had the highest incidence 
15.55% of dorsal spur. Type II calcanei had the incidence of 4.5% of dorsal 
spur. There was no dorsal spur in Type III and Type IV calcanei. The height of 
dorsal  spur ranged between 3-11mm. Type I calcanei had the highest incidence 
6.5% of plantar spur. Type II calcanei had the incidence of 2.5% of plantar 
spur. There was no plantar spur in Type III and Type IV calcanei. The length of 
the plantar spur ranged between 2-8mm. They concluded that the calcaneal 
spur had the highest incidence in Type I calcanei and least incidence in Type II 
 
 
calcanei. There was no spur in Type III calcanei and occasional spur in Type 
IV calcanei. They concluded that their finding would support the hypothesis of 
calcaneal spur formation is due to the vertical compression of heel which is a 
natural adaptive response of foot to stress and strain. 
In 2013 Rohin Garg et al classified 310 Indian dry adult calcanei into 
5 patterns. 
Pattern I – Anterior and middle articular facets are fused with separate 
posterior articular facet; Pattern II – Anterior middle and posterior articular 
facets separate; Pattern III – Anterior articular facet absent. Middle and 
posterior articular facets separate; Pattern IV – Anterior, middle and posterior 
articular facets fused and Pattern V – Anterior articular facet absent. Middle 
and posterior facets fused.  
Pattern II was further subtyped depending on the interfacetal distance 
(Subtype A – less than 2mm, Subtype B – 2 to 5mm and Subtype C – more 
than 5mm).  In this study the pattern I calcaneal type was predominant 
followed by pattern II which is in accordance with other Indian studies. The 
rare pattern IV and V were also observed in this study. They concluded that 
due to high incidence of pattern I, the study population may have a greater risk 
of developing subtalar arthritis. 
 
 
 
In 2014 chavan et al studied 60 dry Indian unpaired calcanei. The 
Patterns observed were five in number.  Pattern I – Anterior and middle 
articular facets fused with separate posterior articular facet; Pattern II – 
Anterior, middle and posterior articular facets were separate, Pattern III – 
Anterior articular facet was absent. Middle and posterior articular facets 
separate;  Pattern IV – Anterior, middle and posterior articular facets were 
fused and Pattern V – Anterior articular facet was absent. Middle and posterior 
facets fused. 
They observed that the incidence of pattern I was higher in this study. In 
pattern I, right side had greater incidence than the left side. They discussed that 
the presence of varying patterns were due to genetic predisposition. There 
could be some more reasons like gait of person, standing habits, walking 
habits, body built and weight bearing time of right lower limb compared to left 
lower limb, places of living (hilly region or plateau region), which needs 
further research. 
They measured some of the morphometrically important points.The 
mean total length of right calcanei was 8.8cm and the left calcanei  was 9.0cm. 
The interfacetal length of the anterior and middle facets on the right side was 
0.2 to 1.0mm and on the left side 0.3 to 0.9mm. The length of middle and 
posterior facet on the right side was 0.5 to 2.4mm and on the left side 0.5 to 
2.8mm. The length of anterior and posterior facet on the right side was 0.7 to 
2.4mm and on the left side 0.3 to 2.5mm. They also documented the positive 
correlation between the total length of calcaneum and length of interarticular 
 
 
facet distance. They concluded that the pattern I [fused anterior and middle 
facet calcanei] was prevalent in this study. It leads to increased surface area 
available for extended gliding of joint surfaces between bones leading to more 
incidence of subtalar arthritis. Because of the fused nature of the articular 
facets, osteotomy becomes an extra articular procedure in Indian population. 
They concluded that the measurement of the right side was always greater than 
the left side as the right lower limb is the initiator of any attempt at locomotion. 
In 2014 Anjaneyelu et al in Sikkim observed 100 adult human 
calcanei. These bones were classified into 4 types.  
Type A – Separated anterior & middle facets with 3 subtypes. (Subtype 
A1 – gap between the facets less than 2mm; Subtype A2 – gap between the 
facets 2-5mm; Subtype A3 – gap between the facets more than 5mm.) Type B 
– only single middle facet on the sustentaculum was present. Anterior facet 
absent. Type C – Fused anterior and middle facets with 2 sub types. (Subtype 
C1 – constricted facet. Subtype C2 – unconstricted facet.) Type D – Fused 
anterior, middle and posterior as a single facet. In this study Type – C was the 
common presentation followed by Type A. They concluded that the type of 
facets could be due to the genetic or racial difference, external factors as 
wearing shoes, squatting habits. The long continuous facet and only medial 
facet configuration of sustentaculum tali may be at greater risk of developing 
subtalar joint instability than the 2 separate articular facet configuration. 
 
 
In 2015 Jagdev singh kullar et al in Punjab studied 200 dry adult 
calcanei of unknown age and sex. These bones were classified into 4 types.  
 Type I – continuous anterior and middle facet with two subtypes as Cn – 
constricted facet; Nc – non constricted facet.  
 Type II – Separate anterior and middle facet with three subtypes. 
(Subtype A – with moderate separation 5-10mm; Subtype B – with 
narrow separation <5mm; Subtype C – with wide separation >10 mm).  
 Type III – Single facet was present limited to the sustentaculum tali and 
no anterior facet.  
 Type IV – Anterior, middle and posterior facets were confluent.  
They observed the superior surface of the posterior part to be concavo-
convex in 77.5% cases with the occasional presence of a longitudinal ridge or 
an irregular eminence. The shape and surface area of anterior, middle and 
posterior articular facets were documented.The middle part of posterior talar 
facet was irregularly convex (52.5%) with a surface area of 515.78 + 82.64 
mm2 on the right side and 484.46 + 98.41mm2 on the left side. It was associated 
with arthritic lipping in few bones. Separate middle facet was oval in shape 
(19.5%) with an average surface area of 130.8 + 30.87mm2 on the right side 
and 130.5 + 43.29mm2 on the the left side. Separate anterior talar facet was 
oval in shape (20.5) with an average surface area of 73.25 + 22.66mm2 on the 
right side and 72 + 20.48mm2 on the left side. Fused anterior and middle talar 
facets present with elongated shape 37% with average surface area of 242.2 + 
35.15 on right side and 232 + 41.93mm2 on the left side. The average 
 
 
intersecting angle of Type I calcanei was 150.52o, Type II calcanei was 136.9o, 
Type III calcanei was 155.3o and Type IV calcanei was 160o. They concluded 
that the study population may be at greater risk of establishment of subtalar 
arthritis due to the predominant pattern I calcanei. 
 In 2015 sunaina Grover et al studied the 25 pairs of human calcanei of 
right side and left side in (Haryana) India. They measured the total length and 
the width of calcanei in the proximal, intermediate and distal region.They also 
measured the surface area of articular facets. 
 
Mean value of Articular 
facets  
Right 
(mm2) 
Left 
(mm2) 
Posterior 476.88+101.93 487.12+101.91 
Anterior 77.22+28.78 80.77+31.34 
Middle 164.55+36.06 169.00+27.73 
Anterior & middle fused 308.35+80.16 312+75.85 
Cuboid facet 403.40+75.01 404.56+75.33 
 
 They concluded that all the parameters were dominant on the left side. 
 
II. FETAL BONE STUDY 
 In 1963 and 1965 Bunning and Barnett classified calcanei into three 
types according to the number of articular facets on the superior surface, 
articulating with talus. Type A - calcanei with three facets. Anterior, middle 
 
 
and posterior were separated by variable intervals. Type B - calcanei with two 
facets. Anterior and middle were either continuous completely or continuous 
with a notch between them. Type C - calcanei with single facet only. Anterior, 
middle and posterior fused together to form a single facet. The functional and 
anatomical correlation was not established during that period. They studied 246 
adult Nigerian calcanei. 
39 adult skeletons belonging to Calcutta (India).  
194 wet calcanei belonging to British. 
206 feet of fetuses (6-9) months of different race. 
They reported that  
 the adult European calcanei (67%) had Type A predominance  
 the adult African calcanei (63%) had Type B predominance and  
 Indian calcanei (78%) had Type B predominance. 
The incidence of Type A pattern in European male and female Population 
was similar. But the incidence of Type B in African and Indian females was 
four times higher than the male population. As in adults, the African fetuses 
had more Type B incidence. 
The Type B calcanei were predominant in males than females which was a 
similar finding both in adults and also in fetus. The Racial difference and 
sexual dimorphism observed were also present in the same pattern in fetal 
studies, indicating that they were probably genetically determined. 
 
 
III. RADIOGRAPHIC STUDIES 
Hechmi Et al during the period of 2005 to 2006 randomly selected and 
studied 1080 lateral view x-rays of ankle on patients aging between 2 to 96 
years in wales caucasion population. They planned this study to analyze the 
size and prevalence of spur in Achilles tendon and plantar fascia in their 
population to evaluate the pathological correlation to the rheumatic disorders. 
The spur was considered large if there was a large prominent peak or peak with 
substructure. The spur was considered small if there was any alteration to 
normal surface contour of the calcaneal bone at the place of attachment of 
Tendoachilles and plantar fascia.They divided the 1080 x-rays into 9 groups of 
consecutive age. All the x-rays were reported by 2 examiners. Statistical 
analysis was established in relation to age, sex and size. They have documented 
that, the prevalence of spurs (Achilles or plantar) in all ages and both sexes was 
38%. The prevalence of spurs at both sites (Achilles and plantar) was in 11%. 
There was no spur in population less than 20 years. The highest incidence was 
22% in the age group of 60-69 years. Plantar spurs were more prevalent in 
women of less than 49 years than in men. 
Plantar Spurs: 
 Small Spur: There was no incidence of spur in less than 20 years. Small 
spurs had 6% incidence in 20-29 years age group and 45% incidence in 60-69 
years age group. Then small spurs become less common in older age groups. 
 
 
 Large Spur: There was no incidence of large spurs in less than 40 
years. Large spur had 4% incidence in 40-49 years age group. The highest 
incidence was 14% in 70-79 years age group. The large spur becomes less 
common in older age group. 
Achilles Spur: 
 Small spur: No incidence of spur in age group less than 10 years.1% 
incidence of spur in age group 20-29 years. 36% incidence of spur in age group 
60-69 years.It had the highest incidence.  It becomes less common in older age 
groups (22%). 
 Large Spur: No incidence of large spur in age group less than 40 years. 
2% incidence of large spur in 40-49 years. 20% (highest) incidence in age 
group 70-79 years. They concluded that the Plantar spurs were more common 
in women than men. The age of onset of spur and mode of development of spur 
differs between men and women. They found a moderate positive correlation 
between Achilles and plantar spurs. 
In 2008 Hylton Bmeng et al studied the lateral Radiographs of 216 
people (140 female 76 male) in Australian population. The X-rays of both feet 
were obtained with the participants standing in a bipedal stance position. These 
radiographs were screened for plantar spur and Achilles tendon spur. Out of the 
216 participants 119 (55%) had at least one plantar calcaneal spur and had at 
least one Achilles tendon spur. Participants with plantar calcaneal spur had 
significant incidence of Achilles tendon spur.They discussed that due to obesity 
 
 
there could be flattening of the medial longitudinal arch which can add more 
friction on the plantar facial insertion leading to spur formation. They 
concluded that the plantar calcaneal spurs were highly prevalent in older people 
with obesity and osteoarthritis which is not related to foot posture 
In 2009 Aksel Seyahi et al in the department of orthopedics and 
traumatology in Istanbul University, Turkey analyzed 308 normal digital X-
ray of lateral view of foot and ankle retrospectively. They analyzed the 
Bohler’s angle and Gissane’s angle with the help of angle measurements 
software with the sensitivity of 1/100mm. The angles were analyzed in respect 
to age, gender and side of the body. The normal range in Turkish population 
was Bohler’s angle 20-46o and Gissane’s angle was 103-133o. The mean 
Bohler’s angle (33.8o) in this population was greater than the mean Bohler’s 
angle of American, Nigerian and Saudi population. The Bohler’s angle was 
lesser than that in Uganda population. The comparison of calcaneal angle with 
the age, sex and side was not significant in this study. 
 
 In 2010 Joseph D.Issacs et al studied the diagnostic accuracy of 
Bohler’s angle in fractures of the calcaneum. He studied 424 patients’ records 
for a period of 5years by cohort study from the Picture Archival and 
Communication System (PACS). They compared the data of Bohler’s angle in 
X-rays of ankle foot lateral view. Both in (212) fractured calcaneus and non-
fractured (212) calcaneus, the study was done. The mean Bohler’s angle 
without calcaneal fracture was 29.4o with the range of 28.9 to 30o .  The mean 
 
 
Bohler’s angle in calcaneal fracture was 5.5o with the range of 4.4 to 6.7o. So 
they decided that the Bohler’s angle of less than 20o had the highest diagnostic 
accuracy. 
In 2010 Fahmy Anwar Shoukry et al studied 220 normal feet and 
ankles of 103 males and 97 females, in the lateral view of plain radiographs of 
the Egyptians population. The range of age in the study population was 20 to 
40 years. 
 The mean value and range in the study was 
ANGLE RANGE 
MEAN VALUE 
(DEGREE) 
Bohler’s angle 22 o to 40 o 30.14 + 4.182 
Gissane’s angle 108 o to 138o 122.92 + 6.952 
Calcaneal compression angle 24 to 44 o 31.03+ 3.82 
There was a significant negative correlation between the age and 
Bohler’s angle measurement. It means that the angle is reduced with increasing 
age. There was insignificant correlation between Bohler’s angle, Gissane angle 
and Calcaneal compression angle. They concluded that the Calcaneal 
compression angle was wide ranging between 24o to 44 o which was not done in 
other studies. 
 In 2012, Vetrivel C.Sengodan studied the normal ranges of calcaneal 
angles like angle of Gissane and Angle of Bohler in the lateral view of normal 
digital X-ray of the Indian population belonging to 21 to 45 years of both 
 
 
sexes. He observed that the value of angle of Gissane is 126.79 degrees. 
Gissane angle is formed by two lines intersecting at a point. The first line is 
the lateral margin of the posterior facet and the 2nd line is anterior to the beak of 
calcaneum. It is higher than the western population (122.5 degrees). Bohler’s 
angle varied with the mean value of 30.62 degrees. This angle is formed by the 
intersection of two lines. The first line is from the highest point of anterior 
process of calcaneus to the highest point of posterior facet. The second line is 
from the highest point of posterior facet to the superior edge of calcaneal 
tuberosity of the posterior surface. When he compared these angles with the 
western population, there was a statistically significant difference in the 
Gissane’s angle than the Bohler’s angle which will be a useful parameter in 
correction of intra articular fractures of calcaneum. The lowest Bohler’s angle 
was 18o in his study which was less than the western value of 20o. He had 
analyzed the difference of angles in the male and female gender and also in the 
right and left foot of this population.There was no statistical significance of 
Gissane’s angle and Bohler’s angle in relation to side (right and left side) and 
gender in this study. 
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MATERIALS AND METHODS 
 
Study Design – Observational descriptive study 
Study Locale – South Indian population 
Ethical Approval:  Approval of the study was granted by the human 
institutional Ethical Committee in our institution. 
 Dry bone and x-ray: Wavier of consent was taken for both dry bone 
and x-ray studies. 
 Fetal bone:  Post graduate medical students have been already utilizing 
the  fetuses for their research. So the informed written consent was taken 
from the parents of aborted or still birth fetuses regularly. Wavier of 
consent was obtained by us from the ethical committee.  
 Data Collection: 
Total sample size - 250  
 120 dry adult human calcaneal bones from the department of 
anatomy, in PSG IMS&R (Figure 6). 
 30 fetal calcaneal bones from the fetuses preserved in the department 
of anatomy in PSG IMS&R (Figure 7). 
 100 normal ankle lateral view x-ray from the Picture Archival 
Communicating System (PACS) in PSG IMS&R.  
 
 
 
 
 
 
Inclusion Criteria 
 Dry bone:  Adult human normal calcanei of unknown age and sex. 
 Fetal bone: Fetuses with no gross anomalies of both sexes. The age of 
fetuses was 26 to 35 weeks of gestation which was documented in the O&G 
Department. The age of each fetus was correlated with the crown rump 
length of fetus. 
 X-ray: X-rays of adult in the age group of 18-82 years were selected. We 
selected X- ray of lateral view of normal ankle, which means the medial 
and lateral articular surface of the talar dome to be superimposed. The 
tibiotalar joint is open with a symmetrical joint space. Distal fibula is 
superimposed by the posterior half of the distal tibia. 
Exclusion Criteria: 
Dry bone:   
 Broken bones. 
 Bones with gross pathology. 
 Bones with deformities and erosion. 
 Bones with any malformation other than spur. 
FETUS:  
 Fetus with congenital malformation and severe maceration. 
X-rays: 
 X-rays not showing the above defined lateral view clearly. 
 X-rays showing trauma, infection and neoplastic bony abnormalities. 
 
 
MATERIALS USED 
Dry bone study 
 Dry bones 
 Number tags with threads 
 Digital sliding Vernier caliper 
 Aluminum foil,  Black marker pen,  pencil, Scissors, Graph sheet 
 Magnifying hand lens (5x),  Sony digital camera (10mega pixels) 
 Computer, scanner, printer 
Fetal bone study 
 Fetal bones. 
 Formalin jars 
 Magnifying hand lens (10x) 
 Name labels, Paper, pen 
 Sony digital camera (10 mega pixels) 
X-ray study 
Computer system with  
 
 PACS facility 
 Dicom viewer software 
 Microsoft office 2008, SPSS software 
 
 
METHODOLOGY 
I. Dry Bone Study  
 The calcanei in the anatomy laboratory were segregated as right and left 
bones. The postero superior surface of calcaneum was used for numbering the 
calcaneum.  
 The right side bones were named as ‘R’ series bones R1, R2, and R3… 
 The left side bones were named as ‘L’ series bones L1, L2, and 
L3…….. 
 The morphology of each bone was evaluated. The observations were 
made with naked eye. Hand held 5x magnifying lens was used for further 
clarity. The facets on the calcanei were observed. The cuboidal facet on the 
anterior surface of the calcanei was observed in each bone. The number of 
facets on the superior surface of the calcanei was observed. Single, double or 
triple facet was recorded. The position of each facet on the superior surface of 
each calcaneum was observed. Depending on its position, they were named as  
a. Middle facet on the sustentaculum tali, 
b. Anterior facet which was, distal to the middle facet or sustentaculum 
tali. 
c. Posterior facet which was proximal or posterior to the middle facet. 
Usually the posterior facet was constant. 
 
 
The space between the anterior and middle articular facet was named as 
“the anterior calcaneal groove” and the rough space between the middle and the 
posterior articular facet was named as “posterior calcaneal groove”. 
If the space between the articular facets was less than 1mm, it was 
considered as fused facet. If the space between the articular facets was more 
than 1mm, it was considered as separate facet. Related to the nature of fusion 
or separation of these articular facets, the calcanei were classified into 5 types 
as stated by Chavan SK et al (2014) in his study of “pattern of talar facet of 
human calcaneum bone” 
Classification of calcanei 
In this study calcanei were divided into 5 types (Figure 8). 
 Type 1- Fused anterior and middle facet and separate posterior facet. 
 Type 2 - Separate anterior, middle and posterior facet. 
 Type 3 - Absent anterior facet. Separate middle and posterior facet. 
 Type 4 - Absent anterior facet. Fused middle and posterior facet. 
 Type 5 - Fused anterior, middle and posterior facets. 
Type 1 and Type 2 were further subdivided. 
 Type 1 was further divided depending on the nature of constriction or 
narrowing present on the medial border of the fused anteromedial facet (Figure 
9). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Subtype 1a – No constriction was appreciated on the medial border of 
fused anteromedial facet. 
 Subtype 1b – constriction was appreciated on the medial border of fused 
anteromedial facet.  
 Type 2 was divided depending on the distance between the separate 
anterior and middle facet (Figure 10). 
 Subtype 2a – the anterior and middle interfacetal width was less than 
2mm. 
 Subtype 2b – the anterior and middle interfacetal width was 2-5mm. 
 Subtype 2c – the anterior and middle interfacetal width was more than 
5mm. 
Shapes of articular facets:  
The shape of anterior, middle and posterior articular facets were 
observed after drawing the outline of each articular facets on each calcaneum 
as done in the study of Swetha et al (2013) 
 The anterior facet was categorized as the facets with elongated, 
irregular oval, irregularly oval, round and triangular (Figure 11). 
 The middle facet was categorized as the facets with elongated, 
irregular, oval, irregularly oval and round (Figure 11). 
 The posterior facet was categorized as the facets with circular, oval, 
triangular, rectangular and irregular shapes (Figure 12). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Shapes of calcaneal groove:  
The shape of posterior calcaneal groove was outlined with a black 
marker pen in each bone. The shape of this groove was categorized into 
cylinder, hour glass shape, funnel shape and reverse funnel shape (Figure 13). 
 Morphometry: By keeping the bone in horizontal position. The 
measurements were taken with the help of digital sliding Vernier caliper 
(Figure 14). The measurements were taken in decimal system. They were 
recorded in tabular form.  
The following measurements were taken as stated in the study of Ipek 
Ergur – Turkey 2011. 
1. Total length of antero posterior length: It was measured between two 
points. The anterior point was at the upper part of the cuboidal articular 
facet on the anterior surface of the calcaneum. The posterior most point 
was on the rough bony point at the place of attachment of Achilles 
tendon. The mean total length of all the bones was calculated. The mean 
length for right bones (APL-R) and left bones (APL-L) were calculated 
separately. 
2. Transverse width: 
2a. Maximum anterior transverse width was measured in front of 
sustentaculum tali from the most prominent point on the medial border 
to the most prominent point on the lateral border, in line with the first 
point. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2b. Maximum posterior transverse width was measured behind the 
sustentaculum tali on the posterior 1/3 of the calcaneum by measuring 
the maximum width from the medial to the lateral surface. 
3. Anterior calcaneal groove width: It was measured between the most 
posterior points of the anterior facet to the most anterior point of the 
middle facet. Then it was categorized into three groups. These calcanei 
with the anterior calcaneal groove were further subdivided into three 
groups. 
 Those calcanei with measurements less than 2 mm as subgroup 2a. 
 Those calcanei with measurement between 2-5mm as subgroup 2b. 
 Those calcanei with measurement more than 5 mm as subgroup 2c. 
 These parameters were helpful in the classification of types of calcanei. 
4.  Sustentaculum tali: The length, breadth and thickness of each 
calcaneum were measured separately in anatomical position of the 
calcaneum. 
4a. The length of sustentaculum tali was measured from the most 
prominent point on the anterior aspect of the facet to the most prominent point 
on the posterior aspect of middle facet 
4b. The medial most point of sustentaculum tali to the posterior 
calcaneal groove was measured as the breadth of the sustentaculum tali. 
4c. The thickness between the upper and lower surface of the 
sustentaculum tali was measured at the middle of this breadth. 
 
 
 
5. Distance between calcaneo cuboid joint and anterior articular facet: 
It was drawn through the anterior edge of the calcaneal groove. The 
longitudinal distance from the midpoint of this line to the calcaneo cuboid joint 
was measured with the help of Vernier caliper (Figure 14). 
6. Measurements of posterior calcaneal groove: A black marker pen was 
used to draw the border of the calcaneal groove. The shape of the calcaneal 
groove was observed, classified and documented as discussed already. Three 
points were marked on each border of the calcaneal groove. The anterior and 
posterior points were marked at the edges of the each border. The middle point 
was marked at the midpoint of each of this border (Figure 14). 
 The length of the posterior calcaneal groove was measured from its anterior 
point to the posterior point. 
 The width of the post calcaneal groove in all the three points was measured 
in line with the opposite border. 
 The anterior width of posterior calcaneal groove  
 The posterior width of posterior calcaneal groove and 
 The middle width of posterior calcaneal groove was measured with 
the digital sliding Vernier caliper. 
 At the point of its maximum depth, using the sharp tip of sliding 
caliper the measurement was taken in millimeter. 
 
 
7. Vascular foramina: The numbers of foramina in the posterior calcaneal 
groove were counted in each calcaneal bone with the help of hand held 
magnifying lens in the anterior, middle and posterior parts of the groove. 
8. Angle of calcaneum: The intersection of anterior facet and the middle facet 
of the sustentaculum was measured by placing the medial side of calcaneum 
on a piece of white paper such that the medial border was in contact with 
the paper and the planes of the articular facets were perpendicular to the 
surface of the paper. The margins of facets were traced with a marker pen 
on the paper. The angle was measured with a protractor on the paper 
(Figure 15). 
9. Measurements of surface area: Aluminum foil was spread on the surface 
of each articular facet (anterior, middle, posterior and cuboid facet). The 
foil was folded at the edges of the articular facets. With a black marker pen 
the outline of the facet was drawn on the aluminum foil. The aluminum foil 
was cut at the rim of the edge of articular facet the cut foil sheets were 
spread on a graph sheet. The edges of the aluminum foil were drawn on the 
graph sheet. The graph sheets were scanned and magnified in the computer. 
Colour prints were taken for each bone. The number of squares present 
inside each facetal outline was counted manually. The single small square 
in each graph sheet was valued as 1mm2. The number of small squares 
inside each facetal outline was counted to find the surface area of each 
articular facet. The mean value of surface area of each type of articular facet 
was calculated by tabulating these values in SPSS software (Figure 16). 
 
 
 
 
10. Calcaneal spur: Each calcaneal bone was examined individually for the 
presence of spurs. It was divided into inferior/plantar spur and 
posterior/dorsal spur based on its presence on the surface of the calcaneum. 
The inferior spur was further divided into medial and lateral spur depending 
on its presence on the medial or lateral tubercle. Sometime we could see the 
spur bridging these two tubercles. The shape of the spur was observed and 
classified as stated in the article of Perumal et al (2013). The different 
shapes were classified as triangular, circular, and oblong and hook like  
(Figure 19). The length, breadth and width of the spur were measured at its 
maximum point of projection in millimeter with the help of digital sliding 
Vernier caliper.  
II. Fetal Bone Study 
Spontaneously aborted or medically terminated fetuses collected from 
the labour room in PSG IMS&R were immersed in 10% formalin for fixation 
of tissues in the department of anatomy. Among these the feet of 15 fetuses 
were selected. They were numbered in chronological order. Fetal calcaneam 
was dissected out, without soft tissue attachments on the articular facets. 
Fetal Calcaneum Dissection procedure 
A “U” shaped skin incision line was made on the plantar aspect of hind 
foot. The closed end of “U” was facing the metatarsal bones. The sumit of U 
was limited to base of metatarsal bone. The limbs/opened end of “U” was 
facing towards the heel/tendoachilles. The open ends of the “U” incision were  
 
 
 
 
 
 
 
 
extended posteriorly below both tibial and fibular malleoli. The incisions were 
extended posteriorly and upwards on either side of the Achilles tendon. After 
reflecting the “U” shaped skin flap, the soft tissue attachment on either side of 
Achilles tendon was dissected. The tendon was cut 0.5cm away from its 
attachment on the posterior surface of the calcaneum. 
 After separating the skin on the plantar surface, the heel pad of fat was 
removed. The ligamental attachments on the inferior surface of the 
calcaneum were cut and removed carefully.  
 The tendons passing by the side and beneath the sustentaculum tali were 
separated and dissected out on the medial surface of the calcaneum. 
 The peroneal retinacula and peroneal tendons were cut across on the 
lateral surface of the calcaneum. 
 The calcaneo cuboid joint was disarticulated with the posterior 
displacement of the bone after teasing the soft tissue attachments on the 
anterior surface of the calcaneum.  
 The superior surface of the calcaneum with intact articular facets 
accommodating the head and body of talus can be better visualized. 
 The skeletonized calcaneum except the attachment of Achilles tendon 
(which was preserved for future study) was dissected out from the subtalar and 
calcaneocuboid joint. The isolated fetal calcaneum was stored in small formalin 
jars with the details of identification of fetus. In the same method 15 pairs of 
fetal calcanei were collected, photographed and stored. The specimens were  
 
 
 
 
 
 
 
washed clearly under running water. Then the calcanei of the fetuses were 
fixed in 10% formalin solution in separate containers with the marking of right 
and left calcanei. The morphology of articular facets of the fetal calcanei was 
observed with the magnifying hand lens (5x) in each bone (Figure 20). 
 The photographs were taken. Number of articular facets on the superior 
surface of the fetal calcaneum was observed. The space between the articular 
facets i.e. the interfacetal groove or distance was observed. The nature of 
fusion of articular facets was observed. We observed various types of fusion of 
anterior, middle and posterior talar articular facets of fetal calcaneum. 
Depending on the types of fusion, of these articular facets, the calcanei were 
divided into different types. Classification of types of calcanei was kept 
constant for both adult and fetal calcanei. The types of calcanei observed were 
documented in the tabular form. 
III. Radiographic Study  
 X-ray images of adult population of both sex and both sides (right and 
left) were collected from the Picture Archival Communicating System in PSG 
IMS&R. 
1. Angles: X-ray images of lateral view of ankle were viewed using standard 
digital radiography software. These images were reported normal by the 
radiologist. 
 The two important angles of calcaneum Bohler’s angle and Gissane’s 
angles were measured in each x-ray film by drawing the reference lines on the 
 
 
x-ray images with the help of angle measurement tool in the software Dicam 
viewer with the sensitivity of 1/100mm. 
1A. Bohler’s angle:  
It is a complementary angle which is formed by the intersection of two 
reference lines. 
 The 1st line was drawn between the postero superior margin of calcaneal 
tuberosity and the highest point on the posterior talar facet. 
 The 2nd line was drawn from the highest point of the anterior facet of 
calcaneum to the highest point on the posterior talar facet. 
The angle formed at the point of intersection of these two lines was 
measured (Figure 17). 
1B. Gissane’s angle: 
It was measured by drawing lines on the lateral border opacity of 
posterior facet and on the linear opacity of the anterior facet. The angle formed 
at the point of intersection of these two lines was measured. The measured 
angles were recorded in Microsoft excel sheet along with details of age, sex 
and side (Figure 17). 
2. Spur: We also recorded the presence of calcaneal spur either plantar spur, 
Achilles spur or both on the lateral view of the x-ray. These data were recorded 
along with age, sex and side in the Microsoft excel 2008 data sheet (Figure 18). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
OBSERVATION AND RESULTS 
 
 
 
 
OBSERVATION AND RESULTS 
 
Gist of Observation and Results 
 
I. Dry Bone Study  
 Types and subtypes of calcanei  
 Articular facets - shape and surface area of anterior, middle, 
anteromedial and posterior facets.  
 Posterior calcaneal groove - shape, length, width and depth. 
 Sustentaculum - length, breadth, thickness and angle.  
 Spur - types, length, breadth and thickness  
 
II. Fetal Bone Study  
 Types of calcanei  
  
III. Radiographic Study  
 Angles - Bohler's Angle and Gissanie’s Angle 
 Spur - Site  
   
  
 
 
I. Dry Bone Study 
120 dry calcaneal bones were studied. Out of which, 60 belonged to 
right side and 60 belonged to left side. 
 
I.1A. Calcaneal types: Out of 120 calcanei observed in this study, 4 types of 
calcanei were identified and documented expect Type 4 which was not found 
[Table I.1A (i)]. Among this Type1 had the predominant incidence (68.33%) 
followed by Type 2 calcanei (26.67%). Type 3 had less incidence (4.16%) and 
Type 5 had the least incidence (0.83%) in our study (Chart 1).  
I.1A(i). Types of calcaneum in relation to sides: Type 1 calcaneum had 35% 
incidence on the right side and 33.33% incidence on left side. Type 2 
calcaneum had 12.5% incidence on the right side and 14.16% incidence on left 
side. Type 3 calcaneum had 1.67% incidence on the right side and 2.5% 
incidence on left side. Type 5 calcaneum had 0.83% incidence on the right side 
and there was no calcaneum on the left side. All types of calcanei had even 
distribution on both sides of the body. 
 
I.1A(ii). Calcaneal subtypes: In Type 1, the subtype Type 1b (36.67%) had 
more incidence than Type 1a (31.67%). But in Type 2, Subtypes Type 2b 
(12.5%) and Type 2c (11.67%) had more distribution than the Type 2a (2.5%) 
(Chart 2); [Table I. 1A (ii)]. 
 
 
 
 
 
Type of 
Calcaneum 
Number & Percentage of Calcaneum 
On Each Side 
 
Total 
Right Left  
Type 1 42   (35%) 40   (33.33%) 82  68.34% 
Type 2 15   (12.5%) 17   (14.16%) 32  26.67% 
Type 3 2    (1.67%) 3    (2.5%) 05    4.16% 
Type 4 0 0 0 0 
Type 5 1    (0.833%) 0 1 0.83% 
 
Table I. 1A (i). Types of calcaneum in relation to sides 
 
 
 
 
 Type of 
Calcaneum Sub Type 
Number of 
Calcaneum Percentage (%) 
Type 1 
Type 1a 38 31.67 
Type 1b 44 36.67 
Type 2 
Type 2a 3 2.5 
Type 2b 15 12.5 
Type 2c 14 11.67 
 
Table I. 1A (ii). Calcaneal Subtypes 
 
 
  
 
 
 
 
 
 
 
 
 
 
Chart 1 : Types Of Calcaneum 
 
 
 
 
 
 
 
 
 
 
 
Chart 2 :  Sub Types Of Calcaneum 
 
 
 
 
 
 
 
 
I.2. Articular facets:  
I.2A. Anterior and middle articular facets: 
 In anterior facets, 75% were oval followed by 25% of elongated 
facets. Out of this 75% of oval facets, 34.37% were on the right side and 
40.63% were on the left side. Out of this 25% of elongated facets, 15.63% were 
on the right side and 9.37% were on the left side (Chart 3); [Table I. 2A]. 
In middle facets, 78.13% were oval followed by 21.87% of elongated 
facets. Out of this 78.13% oval facets, 40.63% were on the right side and 
37.5% were on the left side. Out of this 21.87% elongated facets, 9.37% were 
on the right side and 12.5% were on the left side. Most of the anterior and 
middle articular facets fall under the category of oval shape, which was 
followed by elongated shape (Chart 4). 
I.2B. Posterior articular facets: 
I.2B (i). Shape of posterior articular facets of calcaneum: 
 Circular facets had the predominant incidence (41.67%) followed by 
rectangular (30 %), irregular (16.67 %), oval (10%), only one square shape 
facet (0.83%) and one triangular facet (0.83%) was also found. Circular facets 
had even distribution on both right (n=25) and left side (n=25) calcanei. The 
incidence of rectangular facets on the right side (n=22) was higher than the left 
side (n=14). The incidence of irregular facets on the right side (n=11) was 
higher than the left side (n=9). Only the oval facet had predominant distribution 
on the left side (n=11) than the right side (n=1) (Chart 5); [Table I. 2B(i)]. 
 
 
 
 
 
Shape of Facets 
Anterior Facet Middle Facet 
Right Left Right Left 
Oval     
Number Of Bones 11 13 13 12 
Percentage 34.37 40.63 40.63 37.5 
Elongated     
Number of Bones 5 3 3 4 
Percentage (%) 15.63 9.37 9.37 12.5 
 
Table I. 2A. Anterior and middle articular facets 
 
 
Shape 
Sides  
Number of Calcanei Right Left 
Circular 25 25  50 41.67% 
Rectangular 22 14 36 30 % 
Irregular 11 9 20 16.67 % 
Oval 01 11 12 10% 
Square 0 1 1 0.83% 
Triangular 1 0 1 0.83% 
 
Table I. 2B (i). Shape of posterior articular facets of calcaneum 
 
  
Chart 3 :  Shapes of Anterior Articular Facets 
 
 
Chart 4 :  Shapes of Middle Articular Facets  
 
 
 
 
 
75%
25%
Oval
Elongated 
78.13%
21.87%
Oval
Elongated 
 
 
I.2 B(ii). Shape of posterior articular facet in different types of calcanei: 
 In Type 1 calcanei, the predominant pattern of circular shape facet 
(n=38) was found, followed by rectangular (n=22), irregular (n=13), oval (n=8) 
and there was only one square and one triangular shape facet. In Type 2 
calcanei, the predominant pattern of rectangular shape facet (n=14) was found, 
followed by circular (n=9), irregular (n=5), and oval facets (n=4). In Type 3 
calcanei, the predominant pattern of circular shape facet (n=3) was found, 
followed by rectangular (n=1), irregular (n=1) facet [Table I. 2B (ii)]. 
 
I.3. Calcaneal grooves 
I.3A. Anterior calcaneal groove width in type 2 calcaneum: The 
mean value of anterior calcaneal groove in Type 2 calcanei was 1.6 to 8.06.  
The mean value of anterior calcaneal groove in Type 2a calcanei was 1.6 to 
1.76. The mean value of anterior calcaneal groove in Type 2b calcanei was 
2.53 to 4.99. The mean value of anterior calcaneal groove in Type 2c calcanei 
was 5.02 to 8.06. 
I.3B. Posterior calcaneal groove: 
 I.3B(i). Posterior calcaneal groove shape:  4 types of posterior 
Calcaneal grooves were observed in our study. The incidence of Funnel shaped 
calcaneal groove was predominant (46.6%) followed by Hour glass shape 
(26.67%), Cylinder shape (25.83%) and there was only one Reverse Funnel 
shape groove (Chart 6); [Table I. 3B(i)]. 
 
 
 
 
 
Table I. 2 B (ii). Shape of posterior articular facet in different  
types of calcanei 
 
 
 Shape of Groove Number of Bones Percentage 
No Groove  (Type 5 Calcaneum) 1 0.83 
Funnel 56 46.6 
Cylinder 30 25 
Hour Glass 32 26.67 
Reverse Funnel 1 0.83 
 
Table I. 3B (i). Posterior calcaneal groove shape 
 
 
 
 
Shape of Posterior 
Articular Facet 
Type of Calcanei 
Total 
Type 1 Type 2 Type 3 Type 5 
Circular 38 9 3 0 50  
Rectangular 22 14 1 0 37 
Irregular 13 5 1 1 20 
Oval 8 4 0 0 12 
Square 1 0 0 0 1 
Triangular 1 0 0 0 1 
  
 
 
 
 
 
 
 
 
 
 
 
Chart 5 : Shape of Posterior Articular Facets 
 
 
 
 
 
 
 
 
 
 
 
 
 
Chart 6 :  Shape Of Posterior Calcaneal Groove 
 
 
 
 
I.3B(ii). Shapes of Posterior calcaneal groove in both sides: Incidence 
of Funnel shape groove was more on the left side (25.83%) than the right side 
(20.83%). Incidence of Hour glass shape groove was more on the left side 
(15%) than the right side (10.83%), whereas cylinder shape groove was more 
on the right side (16.67%) than the left side (8.3%) [Table I. 3B (ii)]. 
I.3B (iii). Shapes of posterior calcaneal groove in Types of calcaneum: 
Type 1 had predominant incidence of all types of calcaneal grooves, Funnel  
(35.83%), Cylinder (15.83%), Hour Glass (15%) and Reverse Funnel (0.83%) 
in order. Type 2 had more incidence (10%) of hour glass shape groves followed 
by (9.17%) Funnel shape groove and cylinder (8.3%). Type 3 had even 
incidence (1.67%) of funnel and hour glass shape grooves followed by cylinder 
(0.83%) [Table I. 1B (ii)]. 
I.3B(IV). Shapes of posterior calcaneal groove in sub types of 
calcaneum:  Funnel shaped groove had more incidence in Type 1 calcanei with 
even distribution in Type 1a and Type 1b. Hour glass shaped groove had more 
incidence in Type1 calcanei with more predominance in Type 1b. Cylinder 
shaped groove was predominant in Type 1 with more predominance in Type 
1a. [Table I. 3B (iv)]. 
I.3B (v). Morphometry of Posterior calcaneal groove: The mean value 
of Posterior calcaneal groove length of total calcanei was16.82 mm. The mean 
value of Posterior calcaneal groove length of right calcanei was 16.27 ± 3.59 
mm. The mean value of Posterior calcaneal groove length of left calcanei was 
17.07 ± 2.93 mm. The mean value of Posterior calcaneal groove breadth  
 
 
 
Shape of Posterior 
Calcaneal Groove 
Right Side Left Side 
Funnel 25   (20.83%) 31    (25.83%) 
Reverse Funnel 1    (0.83%) 0 
Hour Glass 14   (11.67%) 18    (15%) 
Cylinder 20 (16.67%) 10 (8.3%) 
 
Table I. 3B (ii). Shapes of Posterior calcaneal groove on both sides 
 
Shape of Posterior 
Calcaneal Groove 
Number / Percentage of Bones / Types of Calcanei 
Type 1 Type 2 Type 3 
Funnel 43 (35.83%)   11 (9.17%) 2 (1.67%) 
Reverse Funnel 1   (0.83%) - - 
Hour Glass        18 (15%) 12 (10%) 2 (1.67%) 
Cylinder 19 (15.83%) 10 (8.3%) 1 (0.83%) 
 
Table I. 3B (iii). Shapes of Posterior Calcaneal Groove in Types of Calcanei  
 
 
 
 
 
 
 
 
 
 
(anterior) of total calcanei was 9.52 mm. The mean value of Posterior 
calcaneal groove breadth (anterior) of right calcanei was 9.50 ± 2.91 mm. The 
mean value of Posterior calcaneal groove breadth (anterior) of left calcanei was 
9.38 ± 2.51 mm. The mean value of Posterior calcaneal groove breadth 
(middle) of total calcanei was 5.74 mm. The mean value of Posterior calcaneal 
groove breadth (middle) of right calcanei was 5.69 ± 1.72 mm. The mean value 
of Posterior calcaneal groove breadth (middle) of left calcanei was 5.69 ± 1.36 
mm. The mean value of Posterior calcaneal groove breadth (posterior) of total 
calcanei was 6.89 mm. The mean value of Posterior calcaneal groove breadth 
(posterior) of right calcanei was 6.89 ± 2.13 mm. The mean value of Posterior 
calcaneal groove breadth (posterior) of left calcanei was 6.72 ± 2.08 mm.  The 
mean value of Posterior calcaneal groove depth of total calcanei was 2.62 mm. 
The mean value of Posterior calcaneal groove depth of right calcanei was 2.70 
± 0.82 mm. The mean value of Posterior calcaneal groove depth of left calcanei 
was 2.48 ± 0.57 mm [Table I. 3B (v)]. 
I.4. Number of Vascular Foramina: The mean value of vascular 
foramina in the posterior calcaneal groove in different parts were, in 
anterior1/3rd - 2.8,  in middle 1/3rd  - 1.9 and in posterior 1/3rd - 1.0. The mean 
value of incidence of vascular foramina was more in anterior part of calcaneal 
groove 2.86 than in the posterior part 1.96 [Table I. 4]. 
 
 
 
 
 
Shape of Posterior 
Calcaneal Groove 
Number of Calcanei In Different Types 
Type 1a Type 1b Type 2a Type 2b Type 2c Type 3 
Funnel 23 20 0 6 5 2 
Reverse Funnel 1 0 0 0 0 0 
Hour Glass 8 10 2 4 6 2 
Cylinder 12 7 2 5 3 1 
 
Table I. 3B (iv). Shapes of posterior calcaneal groove in sub types of calcanei 
 
Parameters Total & Side Mean (mm) Standard Deviation 
Posterior calcaneal groove 
Length 
Total 
Right 
Left 
16.82 
16.27 
17.07 
 
3.59 
2.93 
Posterior calcaneal groove  
breadth (anterior) 
Total 
Right 
Left 
9.52 
9.50 
9.38 
 
2.91 
2.51 
Posterior calcaneal groove  
breadth (middle) 
Total 
Right 
Left 
5.74 
5.69 
5.69 
 
1.72 
1.36 
Posterior calcaneal groove  
breadth (posterior) 
Total 
Right 
Left 
6.89 
6.89 
6.73 
 
2.13 
2.08 
Posterior calcaneal groove  
depth 
Total 
Right 
Left 
2.62 
2.70 
2.48 
 
.82 
.57 
 
Table I. 3B (v). Morphometry of Posterior calcaneal groove 
 
 
 
Site Posterior Calcaneal Groove Sinus Tarsi 
Mean 1.96 2.86 
Maximum 8 7 
Minimum 1 1 
 
Table I. 4. Number of Vascular Foramina 
 
 
Table I. 5A (i). Location of spur 
 
 
Type of Calcanei 
Sides and Site of Spur 
Right  
(42)   68.85% 
Left  
(19)    31.14% 
Posterior Inferior Posterior Inferior 
T1 (77.05%) 16 16 7 8 
T2 (21.31%) 5 4 3 1 
T3 (1.63%) 1 - 
 
 
Site of Spur 
Side 
Right Left 
Inferior Surface (47.54 %) 20 9 
Posterior Surface (52.46%) 22 10 
 
 
I.5. Spur: out of 120 dry bones observed, 42 bones had spur. Spur was 
observed either on the posterior surface or inferior surface or on both surfaces 
in some bones. The spur was present on both right and left sides. 
 
I.5A. Morphology of spur: The total incidence of spur on the dorsum 
(26.67%) of calcanei was higher than the inferior spur (24.17%), followed by 
both spurs (11.67%)  The incidence of spur on right side (68.85%) was higher 
than left side (31.14%) [Table I. 5A]  The commonest presentation of spur was 
Achilles (24.17%) followed by plantar (24.17%) and both spur (11.67%).  
Incidence of spur in Type 1 was more (77.05%) compared to Type 2. (21.31%). 
In Type 1, right sided spur were more than the left side spur, whereas Type 3 
had only one spur. Some spur had defined shapes. [Table I. 5A (ii)] Circular 
spur (n=14) was the commonest followed by triangular (n=4), oblong (n=3), 
hook like spur (n=3) [Table I. 5A (iii)]. Rarely the spur had base from both 
medial and lateral tubercles on the inferior surface of calcanei. Few vascular 
foramina were observed in the spur. 
I.5B. Morphometry of spur: The mean value of total length was 3.86 
(mm), total breadth was 15.5 mm, total thickness was 2.9mm [Table I. 5B(i)]  
The mean value of length of the spur on right side was 3.54 mm, and the left 
side was 4.79mm.The mean value of breadth of the spur right side was 
15.39mm, and the left side was 15.7mm.The mean value of thickness of the 
spur right side was 3.04mm, and the breadth was 2.83mm. The mean value of 
the length, breath and thickness had no significant difference between right and  
 
 
 
Table I. 5A (ii). Spur in different types of calcanei 
 
Shape of Spur Total Number 
Sides 
Right Left 
Circular 14 9 5 
Hook 3 2 1 
Oblong 3 2 1 
Triangle 4 2 2 
 
Table I. 5A (iii) Shapes of spur 
 
 Mean (mm) Maximum (mm) 
Minimum 
(mm) 
Total Length 3.86 8.48 1 
Total Breadth 15.5 21.42 5.42 
Total Thickness 2.9 4.47 1.6 
 
Table I. 5B (i). Total morphometry of spur 
 
 
Mean (mm) Maximum (mm) Minimum (mm) 
Right Left Right Left Right Left 
Total Length 3.54 4.79 8.48 8.24 4.47 1.03 
Total Breadth 15.39 15.7 21.42 19.33 5.42 8.37 
Total Thickness 3.04 2.83 4.47 3.55 1.62 2.04 
 
 
 
left sides. The spur on the right side had the maximum length, breadth and 
thickness [Table I. 5B (ii)]. 
I. 6. Sustentaculum  
I.6A.Morphometry of Sustentaculum: The mean value of 
sustentacular length of total calcanei was 22.47mm. The mean value of 
sustentacular length of right calcanei was 22.17 ± 2.91mm. The mean 
value of sustentacular length of left calcanei was 22.77 ± 2.76 mm.  The 
mean value of sustentacular breadth of total calcanei was 11.75 mm. 
The mean value of sustentacular breadth of right calcanei was 11.75 ± 
1.89 mm. The mean value of sustentacular breadth of left calcanei was 
11.33 ± 2.01 mm. The mean value of sustentacular thickness of total 
calcanei was 10.25 mm. The mean value of sustentacular thickness of 
right calcanei was 10.42 ± 1.34 mm. The mean value of sustentacular 
thickness of left calcanei was 10.07 ± 1.46 mm [Table I.6A] 
 
 
I.6B. Sustentacular angle:  The mean value of sustentacular angle of 
total calcanei was 135.35 ± 20.49 mm. The mean value of sustentacular angle 
of right calcanei was 135.58 ± 20.34 mm. The mean value of sustentacular 
angle of left calcanei was 130.83 ± 20.57 mm [Table I. 6B (i)]. There was no 
significant difference in sustentacular angle between right 135.58º± 20.34º and 
left sides 130.83º ± 20.57º. The mean sustentacular angle was higher in Type 1  
 
 
 
Table I. 5B (ii).Morphometry of spur on both sides 
Parameters Total & Side 
Mean 
(mm) Standard 
Deviation 
Sustentaculum length(mm) 
Total 
Right 
Left 
22.47 
22.17 
22.77 
 
2.91 
2.76 
Sustentaculum breadth(mm) 
Total 
Right 
Left 
11.75 
11.97 
11.33 
 
1.89 
2.01 
Sustentaculum thickness(mm) 
Total 
Right 
Left 
10.25 
10.42 
10.07 
 
1.34 
1.46 
 
Table I. 6A. Morphometry of Sustentaculum 
  
Number of Calcanei Mean (Degree) Range (Degree) 
Total (n-120) 135.35 ± 20.49 80-180 
Right (n-60) 135.58± 20.34 80 -180 
Left  (n-60) 130.83 ± 20.57 85 -170 
Table I. 6B (i). Sustentacular Angle in relation to sides 
 
 
Types of Calcaneum Mean (Degree) Range (Degree) 
Type 1 142.40 ± 16.16 97-180 
Type 2 117.03 ± 19.89 80-160 
Type 3 134.2  ± 19.39 112-162 
 
 
 
calcanei (142.40º ±16.16º) than Type 2 calcanei (117.03º ±19.89º) and 
in Type 3 calcanei was 134.2º ±19.39º [Table I. 6B (ii)]. 
I.7. Surface Area of Articular Facets  
I.7A. Surface area of articular facets (Total): The mean surface area 
of anterior facets was 110.5 mm², anteromedial facets was 268.77 mm², Middle 
facets was 145.93 mm² and Posterior facets was 496.65 mm². The mean surface 
area of the fused anteromedial facet (Type 1) was higher than the addition of 
surface area of the anterior and middle facets (Type 2) [Table I. 7A]. 
I.7B. Surface area of articular facets on both sides:  The mean 
surface area of anterior articular facets on right side was 114.69 mm² and on 
the left side was106 mm². The mean surface area of anteromedial facets on 
right side was 283.32 mm² and on the left side was 254.23 mm². The mean 
surface area of middle facets on right side was 146.71mm² and on the left side 
was 145.29 mm². The mean surface area of posterior facets on right side was 
507.24 mm² and on the left side was 486.23 mm².  Surface area of anteromedial 
facet on the right side was greater than left side [Table I.7B]. 
 
I.8. Other Calcaneal Parameters: 
The mean value of anteroposterior length of total calcanei was 71.81mm. 
The mean value of anteroposterior length of right calcanei was 71.24 ± 5.39 
mm. 
The mean value of anteroposterior length of left calcanei was 72.45 ± 5.62 mm. 
The mean value of anterior breadth of total calcanei was 26.33 mm. 
 
 
 
Table I. 6B (ii).  Sustentacular Angle in relation to types 
 
Type of facets Mean (mm² ) Range (mm² ) 
Anterior facets 110.5 48- 336 
Anteromedial facets 268.77 80-593 
Middle facets 145.93 94-203 
Posterior facets 496.65 303-827 
 
Table I. 7A. Surface area of articular facets (Total) 
 
 
Type of facets 
Right Left 
Mean  
(mm² ) 
Range  
(mm² ) 
Mean  
(mm² ) 
Range 
(mm² ) 
Anterior facets 114.69 56-336 106 48-325 
Anteromedial 
facets 
283.32 80-593 254.23 87-365 
Middle facets 146.71 94-203 145.29 105-203 
Posterior facets 507.24 349-697 486.23 303-827 
 
Table I. 7B. Surface Area of Articular Facets on both sides 
 
 
 
 
 
 
 
 
Parameter 
Total  
&  
Side 
Mean(mm) 
 
Standard 
Deviation 
Antero posterior length 
Total 
Right 
Left 
71.81 
71.24 
72.46 
5.39 
5.62 
Anterior breadth 
Total 
Right 
Left 
26.33 
26.59 
26.06 
 
3.23 
4.23 
Posterior breadth 
Total 
Right 
Left 
30.79 
31.17 
30.41 
 
3.11 
3.29 
Calcaneocuboid joint to 
transverse line across tip of 
middle facet 
Total 
Right 
Left 
16.82 
11.15 
10.57 
 
2.33 
2.60 
 
Table I. 8. Other calcaneal parameters 
 
The mean value of anterior breadth of right calcanei was 26.59 ± 3.23 mm. 
The mean value of anterior breadth of left calcanei was 26.04 ± 4.23 mm. 
The mean value of posterior breadth of total calcanei was 30.79 mm. 
The mean value of posterior breadth of right calcanei was 31.17 ± 3.11 mm. 
The mean value of posterior breadth of left calcanei was 30.41 ± 3.29 mm. 
 The above parameters were analysed in SPSS software. The values were 
analysed with “Independent T test”. With the calculation of 95% confidence 
interval there was no statistical significance found related to sides of bone. The 
 
 
same data were analysed with ANOVA (one way variant). There was no 
statistical significance between different types of calcanei [Table I. 8]. 
 
II. Fetal Bone Study 
15 pairs of fetal calcanei in the age group of 26 to 35 weeks of gestation 
were observed. Out of these, 10 pairs were male and 5 pairs were female 
fetuses 
II.1. Gender of Calcanei:  In Type 1b (n=24), 14 (46.6%) male 
calcanei were present, 10 (33.33%) female calcanei were present. In Type 1a, 
n=3 male calcanei were present. In Type 2, n=3 male calcanei were present 
[Table II. 1]. 
II.2. Types of calcanei: Right side had, maximum Type 1 b (43.33%) 
fused anterior and middle facets without constriction, minimum Type 1a 
(3.33%) fused anterior and middle facets with constriction, and also a 
minimum of Type 2 (3.33%) separate anterior and middle facets with  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Sex 
Male 
(n=20) 
Female (n=10) 
Number of Bones 14 3 3 10 
Percentage 46.6 10 10 33.33 
Type of Calcanei 1 b 1 a 2 1 b 
 
      Table II. 1. Gender of Calcanei 
 
 
 
 
 
Type of Calcanei 1 b 1 b 2 
Number of bones 
and percentage  
24  
(79.9 %) 
3 
(10 %) 
3 
(10 %) 
Gender 14 *m + 10* f 3 *m 2 *m 
 
*m=male, *f=female 
Table II. 2. Types of calcanei 
 
 
 
 
 
 
 
 
intervening anterior calcaneal groove. Left side had maximum Type 1b 
(36.67%) fused anterior and middle facets without constriction, minimum Type 
1a (6.67%) fused anterior and middle facets with constriction, and also a 
minimum of Type 2 (6.67%) separate anterior and middle facets with 
intervening anterior calcaneal groove. Type 1b had the highest incidence 
followed by Type 1a and Type 2 [Table II. 2]. 
 
III. Radiographic Study 
             100 images of lateral view of ankle radiographs were observed. Among 
that 50 belonged to right side and the remaining 50 belonged to left side.  In 
each side images 25 belonged to male & 25 belonged to female gender. 
III.1. Angles in X-ray images: Bohler’s angle and Gissane’s angle 
measurements were recorded along with age, sex and side. 
III.1A. Bohler’s angle: The total mean Bohler’s angle was 30.49° and the 
range was 18° to 46°. 
III.1A (i). Bohler’s angle in both sexes: The mean Bohler’s angle in male was 
30.80 °± 7.52° and in female was 30.17°± 6.91°. There was no significant 
difference between the mean value of male and female groups [Table III. 1A (i)] 
III.1A (ii). Bohler’s angle on both sides: The mean Bohler’s angle in right 
side was 28.94°± 7.28° and in left side was 32.03°± 6.83°. The Bohler’s angle 
on the left side was higher than the right side [Table III. 1A (ii)]. 
 
 
 
Angle Sex 
Mean Value 
(Degree) 
Range 
(Degree) 
Bohler’s Angle Male 30.80°± 7.52° 18°  to 44° 
Bohler’s Angle   Female 30.17°± 6.91° 18.2° to 46° 
 
Table III. 1A (i). Bohler’s angle in both sexes 
 
Angle Side 
Mean Value 
(Degree) 
Range 
(Degree) 
Bohler’s Angle Right   28.94°± 7.28° 18°  to 43.7° 
Bohler’s Angle Left  32.03°± 6.83°  18.2° to 46° 
 
Table III. 1A (ii). Bohler’s angle in both sides 
 
Angle Side & Sex 
Mean Value 
(Degree) 
Range 
(Degree) 
Bohler’s Angle Right Male 29.74° 18° to 43.7° 
Bohler’s Angle Right Female 28.15° 18.2° to 42.3° 
Bohler’s Angle Left Male 31.87° 19.4° to 44° 
Bohler’s Angle Left Female 32.20° 18.2° to 46° 
 
Table III. 1A (iii). Bohler’s angle in both sex and both sides 
 
 
 
 
III.1A (iii). Bohler’s angle in both sex and both sides: The mean Bohler’s 
angle in right male was 29.74° and in right female was 28.15°. The mean 
Bohler’s angle in left male was 31.87 ° and in left female was 32.20°. The 
mean value was comparatively more on the female population and also more 
specifically on the left side (Chart 7); [Table III. 1A (iii)]. 
III.1A (iv) Comparison of Bohler’s angle in different age groups: 
 The mean Bohler’s angle in 18-20 years was 32.39°. The mean Bohler’s 
angle in 21-30 years was 33.56°. The mean Bohler’s angle in 31-40 years was 
31.81°. The mean Bohler’s angle in 41-50 years was 31.21°. The mean 
Bohler’s angle in 51-60 years was 27.35°. The mean Bohler’s angle was 
comparatively high (33.56°) in the age group of 21 to 30 years, and it was least 
(27.35°) in the age group of 51 to 60 years. We observed a gradual decrease in 
the Bohler’s angle from the age of 20 years to 60 years [Table III. 1A (iv)]. 
Analysis: The Bohler’s angle was compared with independent ‘T’ test in both 
male and female gender. It showed no statistical significance. The Bohler’s 
angle was compared with independent ‘T’ test on both right and left sides of 
unpaired X-ray images. This showed statistical significance with a P value of 
0.031. Pearson correlation was used for further analysis of the Bohler’s angle in 
relation to side. It showed a positive correlation. With the help of linear 
regression the 95.0% confidence interval for the Bohler’s angle in relation to 
side was established.The Lower bound was 9.769. The Upper bound was 
29.587. The R square value was 0.047. Further analysis was done with 
ANOVA by comparing the Bohler’s angle of right male, right female, left male  
 
 
Sl.No 
Age group 
(Years) 
Number of 
patients 
Mean Bohler’s Angle 
(Degree) 
1 18-20 10 32.39° 
2 21-30 17 33.56° 
3 31-40 2 31.81° 
4 41-50 27 31.21° 
5 51-60 21 27.35° 
6 61-73 13 28.90° 
 
Table III. 1A (iv) Comparison of Bohler’s angle in different age groups 
 
Angle Sex 
Mean Value 
(Degree) 
Range 
(Degree) 
Gissane’s angle Male 115.93°  93.3°   to 140.6° 
Gissane’s angle Female 113.66° 89.96°  to 138.6° 
 
Table III. 1B (i). Gissane’s angle in both sex 
 
Angle Sides Mean Value 
(Degree) 
Range 
(Degree) 
Gissane’s angle Right 113.73° 89.96 to 134.52° 
Gissane’s angle Left 115.87° 100.1 to 140.6° 
 
Table III. 1B (ii). Gissane’s angle in both sides 
 
 
& left female. In that a significant difference was found when comparing the 
right female and left female samples with a P value of 0.047. 
Inference: A Statistically significant level of difference in Bohler’s angle was 
observed both in right and left female samples. Bohler’s angle was found to 
have a statistical significance in comparing the right and left side of female 
samples with the P value of 0.047. 
III.1B. Gissane’s Angle: The total mean Gissane’s angle was 114.80° and its 
range was 89.96° to 140.6°. 
III.1B(i). Gissane’s angle in both sexes: The mean Gissane’s angle in male 
was 115.93° and in female was 113.66°. There was no significant difference 
between the mean value of male and female groups [Table III. 1B (i)]. 
III.1B(ii). Gissane’s angle in both sides: The mean Gissane’s angle in right 
side was 113.73° and in left side was 115.87°. There was difference in 
Gissane’s angle between right and left sides [Table III. 1B (ii)]. 
III.1B (iii). Gissane’s angle in both sex and both sides: The mean Gissane’s 
angle in right male was 115.96° and in right female was 111.50°. The mean 
Gissane’s angle in left male was 115.91° and in left female was 115.83°. The 
Gissane’s angle was compared with independent ‘T’ test in relation to gender 
and sides of the body. It showed no statistical significance (Chart 8); 
 [Table III. 1B (iii)]. 
 
 
 
 
Angle Side and sex Mean Value 
(Degree) 
Range 
(Degree) 
Gissane’s angle Right male 115.96° 93.3°to 134.5° 
Gissane’s angle Right Female 111.50° 89.9° to 127.4° 
Gissane’s angle Left Male 115.91° 100.9°to 140.6° 
Gissane’s angle Left Female 115.83° 100.1°to 138.6° 
 
Table III. 1B (iii). Gissane’s angle in both sex and both sides 
 
Sl.No Age Group (Years) 
Number Of 
Patients 
Gissane’s Angle  
(Degree) 
1 18 - 20 10 115.98° 
2 21 - 30 17 118.47° 
3 31 - 40 12 114.78° 
4 41 - 50 27 115.26° 
5 51 - 60 21 114.03° 
6 61 - 73 13 114.02 
 
Table III. 1B (iv). Comparison of Gissane’s Angle in Different Age Group 
 
Side of Spur 
Number of Images With 
Spur 
Sex 
Male Female 
Right 26 9 17 
Left 32 15 17 
Total 58 24 34 
 
Table III.  2A (i).  Spur in relation to side and gender 
  
 
 
 
 
 
 
 
 
 
 
Chart 7 :  Bohler’s Angle In Both Sex And Both Sides: 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
Chart 8 : Gissane’s Angle In Both Sex And Both Sides 
 
 
 
 
 
III.1B (iv). Comparison of Gissane’s Angle in Different Age Group:  
 The mean Gissane’s angle in 18-20 years was 115.98°. The mean 
Gissane’s angle in 21-30 years was 118.47°. The mean Gissane’s angle in 31-
40 years was 114.78°. 
The mean Gissane’s in 41-50 years was 115.26°. The mean Gissane’s in 
51-60 years was 114.03 °. The mean Gissane’s in 61-73 years was 114.02°. 
The Mean Gissane’s angle was comparatively high in the age group of 21 - 30 
years and least in the age group of 61 - 73 years. When a statistical analysis 
was made, there was no significance [Table III. 1B (iv)]. 
III.2. Spur in x-ray images 
In this study, out of 100 X-ray images studied 58 (58%) had the 
presence of plantar or Achilles or both types of spurs. The presence of spur in 
relation to side of foot, gender, side and age group were analysed in SPSS 
software. 
III.2A (i).  Spur in relation to side and gender: The presence of spur on the 
left side 32% was higher than the right side 26% and the incidence in the 
female population 34% was higher than the male 24% (Chart 9); 
[Table III. 2A (i)]. 
III.2A (ii). Spur in different age groups: The number of X ray images 
presented with spur in different age groups were n=2 in 21 – 30 years, n=8 in 
31 – 40 years, n=21 in 41 – 50 years, n=18 in 51 – 60 years, and n=9 in 61 – 65 
years. It showed a gradual increase in incidence of spur from the age of 21 to 
60 years. There was a least incidence of spur in the age group less than 20  
 
 
Age group  
(Years) 
Number of X-ray images with presence 
of Spur 
21 – 30 2 
31 – 40 8 
41 – 50 21 
51 – 60 18 
61 – 65 9 
 
Table III. 2A (ii). Spur in different age groups 
 
 
 
 
Type of Spur 
X-ray images with spur 
Number Percentage 
Achilles & plantar spur 26 44.83 
Plantar spur 25 43.10 
Achilles spur 7 12.07 
Total 58 100 
 
Table III. 2A (iii).  Types of spur 
 
 
 
 
 
 
years. The highest incidence of spur was appreciated in the age group of 41 - 
50 years, followed by 51 - 60 years of age. When we further the analysed the 
highest incidence age group, in relation to sex and side of the foot, there was 
more incidence of spur in the female population (Chart 10); [Table III. 2A (ii)].
  
III.2A (iii).  Types of spur: Presence of both plantar and Achilles spur had the 
highest (44.83%) incidence, followed by plantar spur (43.10%) and Achilles 
spur (12.07%) [Table III. 2A (iii)]. 
III.2A(iv). Type of Spur in relation to Side:  In both spur presentation 38.48% 
were on the right side, 61.54% on the left side. In plantar spur presentation 
52% were on the right side, 48% on the left side. In Achilles spur presentation 
44.83% were on the right side, 55.17% on the left side [Table III. 2A (iv)] .So in 
this study the presence of spur on the left side was higher than the right side. 
III.2A (v).  Type of spur in relation to Gender: In both spur presentation 42% 
were in the male and 57% were in the female. In plantar spur presentation 32% 
were in the male and 68% were in the female. In Achilles spur presentation 
71% were in the male and 28% were in the female. Total incidence of spur on 
the female population was higher than the male population [Table III. 2A (v)]. 
 
 
 
 
 
 
 
 
 
Type of Spur 
X-ray images with 
spur 
Side 
Right Left 
N=58 
Percentage 
(%) 
N=26 
Percentage 
(%) 
N=32 
Percentage 
(%) 
Achilles & 
plantar spur 26 44.83 10 38.48 16 61.54 
Plantar spur 25 43.10 13 52 12 48 
Achilles spur 7 12.07 3 42.86 4 57.14 
Total 58 58 26 44.83 32 55.17 
 
Table III. 2A (iv). Type of Spur in relation to Side 
 
Type of Spur 
X-ray images with 
spur 
Sex 
Male Female 
N 
Percentage 
(%) 
N 
Percentage 
(%) 
N 
Percentage 
(%) 
Achilles & 
plantar spur 
26 44.83 11 42 15 57 
Plantar spur 25 43.10 8 32 17 68 
Achilles spur 7 12.07 5 71 2 28 
Total 58 100 24 41.37 34 58.62 
 
Table III. 2A (v).  Type of spur in relation to Gender 
 
  
Chart 9 : Spur In Relation To Side And Gender 
 
 
 
  Chart 10 :  Spur In Relation To Age 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
DISCUSSION 
 
 
 
 
DISCUSSION 
I. Dry bone study 
 Anatomical variation exists since earliest days, which found no clinical 
significance until the need arose with the evaluation for the cause of pain and 
disabilities. Literature reviews state that the joint facets on the calcanei which 
articulate with the talus showed variations with race, sex and side.  
 In the study of Gupta et al (1977) in North Indian Population, the Type I 
calcanei had the commonest (67%) incidence followed respectively by Type 2 
(26%), Type 3 (5%) and Type 5 (2%). In a study by Francine Drayer - 
Verhagen (1993) in Americans, the Type 1 calcanei had the highest incidence 
(54.45%) followed by Type 2 (26.7%) and Type 3 (18.85%). There were no 
Type 4 and Type 5 calcanei found. In an Egyptian study (2000) by Saadeh et 
al, Type 1 calcanei had the predominant incidence (63%) followed by Type 2 
(30.3%), Type 3 (4.7%) and Type 5 (2%). In a Turkey study by Uygur et al 
(2009) the Type 1 calcanei had the commonest (58%) incidence followed by 
Type 2 (39.3%), Type 3 (22%) and there was no Type 5 calcanei observed. In 
the study of Wajid et al (2010) in Pakistani population, the Type 1 calcanei had 
the predominant incidence (69.2%) followed by 28.6% of Type 2 calcanei and 
8.6% of Type 5 Calcanei. But there was no Type 3 Calcanei found.  
 
 
 In a Spanish study by Composs and Pellicos (1989), there was Type 2 
calcanei Predominance (53%) followed by Type 1 (46%) which was a different 
finding from other studies.  
 In our study, out of 120 dry bones, Type 1 calcanei had the predominant 
incidence (68.34%) followed respectively by Type 2 (26.67%), Type 3 
(4.16%), Type 5 (0.83%) and there was no Type 4 calcanei identified.  
 Our study was in accordance with the previous studies of Gupta et al 
(1977) - India. Francine Drayer et al (1993) - America, Saadeh et al (2000) – 
Egypt and Uygur et al (2009)-Turkey with Type 1 predominant calcanei 
followed by Type 2. There was a minimal incidence of Type 3 and rare 
incidence or absence of Type 4 and Type 5 calcanei. Our study was not in 
consonance with the Spanish Study, as it had Type 2 calcanei predominance. 
So most of the previous studies showed Type 1 predominance except the 
Spanish population.  
 In analysing the subtypes of Type 1 and Type 2 , Shweta et al (2013) 
documented in Gujarat population that Type 1b had more predominance 
(60.9%) than Type 1a (39.1%) and Type 2b (14.63%) had more predominance 
followed by Type 2c (10.24%) and Type 2a (3.9%) had least presentation. In 
the study of Sittachai et al in Isan Thai population (2015), Type 1b (36.11%) 
was predominant followed by Type 1a (24.75%). In analyzing Type 2 subtypes, 
Type 2a (15.84%) had more incidence followed by Type 2b (12.87%) and Type 
2c (3.96%). 
 
 
       In our study, while analysing the subtypes of Type 1; Type 1b (36.67%) 
was the commonest presentation followed by Type 1a (31.67%). In subtypes of 
Type 2, Type 2b (12.5%) had more incidence followed by 2c (11.37%) and 
Type 2a (2.5%). 
 The Type 1b predominance followed by Type 1a in our study was in 
accordance with the Study of Shweta et al (2013) and Sittachai et al (2015). 
The predominance of Type 2b followed by Type 2c and Type 2a in our study 
was in accordance with the study of Shweta et al, but not with the study of 
Sittachai et al.  
 Morphological variability of articular facets of calcaneum could result in 
difference in gait and other habits. Sangeorgan et al (2013) demonstrated on 
computed tomography (CT) study that patients with severe symptomatic flat 
foot have the tarsal bones having less contact with each other. Subluxation is 
one of the common problems in persons with flat foot. The subluxation is 
frequent in anterior and middle facets than posterior facets. The shapes and 
surface area of the anterior, middle and posterior articular facets were 
compared with previous studies.  
 In the study of Kullar et al (2015), out of 200 dry calcanei observed, 
20.5% of the anterior facets were oval followed by 2% with elongated facets ; 
19.5% of middle facets were oval followed by 4% with elongated facets. The 
commonest shape of posterior talar facet was irregular and convex (52.5%).  
 
 
 In our study most of the anterior facets were oval (75%) followed by 
25% of elongated facets. In the same way the most of the middle facets were 
oval (78.13%) followed by elongated facets (21.87%). The posterior articular 
facets were predominantly circular (41.67%) followed by rectangular facets 
(30%).  
 The presence of predominant pattern of oval shaped anterior and middle 
facets in our study was in accordance with the study of Kullar, but not so with 
the circular shaped posterior facet. The predominance of circular shaped 
posterior facet in our study was not in accordance with the study of Kullar.  
 Kullar et al (2015) also had studied the surface area of articular facets. 
The mean surface area of articular facet was 73.25 mm2 on the right side and 
72 mm2 on the left side. The mean surface area of the middle facet was 130.8 
mm2 on the right side and 130.5 mm2 on the left side. The mean surface area of 
anteromedial facet was 242 mm2 on the right side and 232 mm2 on the left side. 
The mean surface area of posterior articular facet was 515 mm2 on the right 
side and 484 mm2 on the left side. In the present study the mean surface area of 
anterior facet was 114.69 mm2 on the right side and 106mm2 on the left side. 
The mean surface area the middle facet was 146.1mm2 on the right side and 
145.29mm2 on the left side. The mean surface area of the posterior articular 
facet was 507.24mm2 on the right side and 486.23mm2 on the left side.  
 The mean value of surface area of all the articular facets were more in 
our study compared to Kullar's study. The mean value of surface area of the 
facets on the right side was more than the left side in both studies. So the right 
 
 
calcanei had more surface area than the left calcanei, which may indicate that 
the subtalar joint arthritis could happen more on the right side than on the left 
side.  
 
    Bruckner in 1987 discussed that the surface area of the articular facets 
in Type 1 calcanei have more articular surface with continuous facet and wider 
angulation. This gives less impediment to the medial rotation of the talar head 
on the calcaneum. This produces laxity of spring ligament and weakness of the 
supporting muscles. Because of this the subtalar joint undergoes excessive 
biomechanical stress leading to unstable, mobile joint leading to osteoarthritis. 
In case of Type 2 calcanei, the osseous tripod is formed along with the 
posterior articular facet to seat the talar head.  It prevents the excess mobility of 
subtalar joint, that's how it reduces the biomechanical stress on the joint leading 
to less incidence of osteoarthritis in the Type 2 calcaneal bone. (Kapandji 
1970). Recent CT studies showed the presence of single middle articular facet 
alone in planus foot. This single facet permits unrestricted antero inferior 
rotation of talus in weight bearing, leading to more incidence of sub talar 
arthritis. 
              In the study of Shweta et al (2013), out of 205 dry calcanei observed, 
Type 1 had the surface area of 2.27 cm2, Type 2 had surface area of 1.94 cm2 
and Type 3 had the surface area of 1.18 cm2. In the present study the surface 
area of Type 1 had 268.7mm2, Type 2 had 256.43mm2 and Type 3 had 145.93 
mm2. In both studies the mean value of surface area of Type 1 calcanei were 
 
 
more than Type 2 calcanei. This study was in consonance with the study of 
Shweta et al. 
 The posterior calcaneal groove or sulcus calcanei begins as a narrow 
depression just in front of the posterior talar facet. It narrows down to an 
irregular groove towards the medial end just behind the sustentaculum tali. This 
groove has different shapes and number of nutrient foramina. In fractures it 
may cause massive haemorrhage due to rich vascular supply of this space, 
which is one of the sites of a vascular necrosis on calcaneum. 
 In the study of 80 dry calcanei by Ipek Ergur et al (2011) in Turkey 
population, there was a predominant pattern of 40% funnel shaped posterior 
calcaneal groove followed by 35% of hour glass shape, 21.3% of cylinder 
shape and 3.8% of reverse funnel shape. They also reported the mean value of 
the vascular foramina in the posterior calcaneal groove as 3.8 in anterior 1/3rd, 
2.4 in the middle 1/3rd and 1.8 in the posterior 1/3rd. 
 They also documented the distance between the sulcus calcanei and the 
calcaneocuboid joint distance as 10.86 + 2.47 mm. They measured the mean 
value of posterior calcaneal groove width in the anterior part as 10.8 + 2.5 mm, 
in the middle part as 6.7 + 1.8 mm and in the posterior part as 8.5 + 2.3 mm. 
The mean value of posterior groove depth was 2.3 mm. 
 In our study the predominant pattern of Funnel shaped calcaneal groove 
(46.6%) was observed followed by Hour glass (26.67%), 2.5% of cylinder and 
0.83% of Reverse funnel shape. The mean value of vascular foramina was 2.8 
 
 
in the anterior 1/3rd, 1.9 in the middle 1/3rd and 1.0 in the posterior 1/3rd. The 
distance between the sulcus calcanei and the calcaneocuboid joint was 13.33 
mm. The mean width of the posterior calcaneal groove in the anterior 1/3rd was 
9.52 + 2.49 mm, in the middle 1/3rd was 5.74 + 1.51 mm and in the posterior 
1/3rd was 6.89 + 4.59 mm. The mean value of depth of the posterior calcaneal 
groove was 2.68 + 0.59 mm.  
 The order of predominance of shape of calcaneal groove and the 
quantity of vascular foramina in the posterior calcaneal groove was in 
accordance with the previous Turkey study. The mean value of width and depth 
of this groove was less than that of Turkey study. The mean value of distance 
between the sulcus calcanei and calcaneocuboid joint distance in our study was 
more than the mean value of Turkey study. Even though the race was different, 
the common presentation of Types of calcanei was one and the same, because 
of which, the measurements were probably in concordance. 
 Elevation of calcaneum is crucial for the longitudinal arch formation of 
foot. The apex of this arch is occupied by the sustentaculum tali which 
functions as a bracket for supporting the talar head. In the study of Francine 
Drayer (1993), the mean intersecting angle in Type 1 calcanei with long fused 
articular facet was 149.1º, in Type 2 with separate anterior and middle articular 
facet was 127.8º and in Type 3 with absent anterior facet was 136.5º. In our 
study the mean intersecting angle in Type 1 calcanei was 142.40º, in Type 2 
calcanei was 117.03º and in Type 3 was 134.2º. Our study was in accordance 
with the study of American Study (1993). Though the angles in our study were 
 
 
less than the previous study, in both studies, the mean intersecting angle of 
Type 1 calcanei was more than Type 2 calcanei. It reflects, that the articular 
facets in Type 1 were more sloping, having the higher possibility for the 
establishment of arthritic changes (Bruckner - 1987). 
     Though the formation of calcaneal spur may be multifactorial, it 
would be due to compression of the bone because of the increased load on the 
bone. The spur present on the dorsal and inferior surface had different shapes. 
Some spurs had vascular foramen. 
                  In the study of Kullar et al (2015), out of 200 dry bone observed the 
incidence of spur in Type 1 calcanei was the maximum (72.5%) with the least 
incidence of Type 4 (0.5%). In the study of Ginda et al (2015), out of 325 
calcanei studied, the spurs were found in 35.38% of calcanei. Out of which 
23.08% were inferior spurs and 12.31% were dorsal spurs and 8.62% were both 
plantar and Achilles spurs. There was no significant difference between right 
and left spur incidence. In the study of Perumal et al (2013) the mean value of 
length of spur on the right side was 0.95 cm and on the left side was 0.87 cm. 
The mean value of breadth of spur on the right side was 1.73 cm and on the left 
side was 1.71 cm. The mean value of thickness of spur on the right side was 
0.26 cm and on the left side was 0.23 cm.  
 In our study, out of 120 dry bones studied 35% bones had spur. Out of 
which 24.17% had inferior spur, 26.67% had posterior spur and 11.67 had both 
types of spur. The incidence of spur on the right side was more than the left 
side. Type 1 calcanei had maximum spur (77.05%) and it was least in Type 3 
 
 
calcanei (1.63%). The mean length of spur on the right side was 3.54 mm and 
on the left side was 4.79 mm. The mean breath of spur on the right side was 
15.39 mm and on the left side was 15.7 mm. The mean thickness on the right 
side was 3.04 mm and on the left side was 2.83 mm. 
 The total incidence of spur in our study was in consonance with the 
study of Ginda et al. The Type 1 predominance was in consonance with the 
study of Kullar et al, but not with the study of Ginda et al, Probably due to the 
small sample size in our study. The mean value of breadth and width of spur in 
our study was in accordance with the study of Perumal et al but the length was 
smaller than that in his study. 
II. Fetal bone study: 
 As we observed in the study of Burning and Barrett (1965), the 
predominating type of fetal calcanei was the same as that of adult calcanei of 
that particular race. In our study, of 30 fetalcalcanei type 1b calcanei had the 
predominant incidence in the fetal bone study. It was the same in our adult 
bone study also. So our study was in accordance with the previous study. This 
reflects that the calcaneal pattern was genetically determined for each race. 
III. Radiographic Study: 
 In the X ray images, Bohler's angle and Gissane's are reduced in fracture 
calcaneum. Decrease in these angles indicates that the posterior articular facet 
has collapsed. This leads to shifting of weight of the body anteriorly leading to 
uneven weight distribution of the foot. In the treatment of fracture, the accurate 
 
 
reduction of fracture to obtain a perfect joint congruity could be possible with 
rigid internal plates and screw fixation. A wide knowledge base about the 
calcaneal angles is an important entity in reconstruction of calcaneum.    
 In an American study by Chen my et al (1991) the range of Bohler's 
angle was 14º – 50º. Diadia et al (1999) in Algerian population reported the 
range of Bohler's angle as 28º – 38º. The range of Bohler's angle was 16º-47º 
and Gissane's angle was 96º – 152º in the study of Koshal et al (2004) in 229 X 
ray images of Saudi Arabian population. Seyahil et al (2009) in Turkey 
observed 308 X ray images and stated that the range of Bohler's angle was 20º 
– 46º and Gissane's angle was 108º – 138º.  In an Egyptian study, Famhy et al 
(2010)  observed 220 X ray images and documented the range of Bohler's angle 
as 22º – 40º and Gissane's angle as 108º-138º. In an Indian study by Sengodan 
et al (2012) documented the range of Bohler's angle as 18º – 43º and Bohler's 
angle as 100º – 145º. Rahe Ramachandran et al (2013) in their Indian study 
documented the range of the Bohler's angle as 18.7º – 46.2º of and Gissane’s 
angle 87.5º – 137.8º.  
There was no statistical difference between the sex and side in all these 
studies except in the study of Igbigbi et al (2003) in Ugandan population and 
they documented the gender difference of calcaneal angle (Bohler's angle) in 
their study. The mean Bohler's angle was greater in female population than in 
male population in Saudi Arabian population. Khosal et al (2004) documented 
that the Bohler's angle was the highest (33.11º) and Gissane's angle was least 
(114.65º) in the age group 15 – 20 years. In the age group of 21 – 30 years the 
 
 
lowest (29.15) Bohler's angle and highest Gissane's angle (117.05º) was 
documented. 
In our study of 100 radiological images the range of Bohler's angle was 
18º-46º and Gissane's angle was 89.96º_146.60º. The highest mean Bohler's 
angle (33.56 º) was in the age group of 21–30 years and the least was (27- 35º) 
in the age group of 51 – 60 years. We observed a gradual decrease in Bohler's 
angle from the age of 20–60 years. The mean Gissane's angle was highest in 
the age group of 21–30 years and least in the age group of 61–73 years. We 
observed that the Bohler's angle decreases with increasing age but not so in 
Gissane's angle. 
The wide range of Bohler's angle in our study was in accordance with 
the study of Indian authors Sengodan (2012) and Rahe Ramachandran (2013). 
The lower limit of Bohler's angle in our study was less than that of Nigerian 
(1999) Ugandan (2003) and Egyptian study (2010). The lower limit of Bohler's 
angle in our study was higher than that of American (1991) and Saudi Arabian 
(2004) study. The lower limit of Gissane's angle in our study was in accordance 
with the study of Rahe Ramachandran (2013) but less than that of Saudi 
Arabian (2004), Turkey (2009) and Egyptian (2010) studies. This infers that 
the calcaneal angles are unique for different races. The difference in gender in 
relation to both Bohler's and Gissane's angle was not significant in our study. It 
was in accordance with the previous studies done in Saudi Arabia (2004), 
Nigeria (1999) Turkey (2009) and Egypt (2010). Comparison of calcaneal 
angle in relation to sides would be more apt with X ray images of the same 
 
 
individual, rather than comparing the mean value of all the right and left side 
angles of different individual. Such studies of observing the paired samples of 
same individuals were done by Khoshhal et al (2004) in Saudi Arabian 
population and Showkry et al (2010) in Egyptian population.  But these studies 
also did not show any statistical significance. They inferred that in unilateral 
calcaneal fractures the calcaneal angle of intact side maybe taken as individual 
reference values, as there was no significant statistical difference observed 
between the sides. 
In our study the unpaired X ray images were analysed in relation to 
sides as done in Nigerian (1999) and Turkey population (2009). A statistical 
side difference was found related to Bohler's angle with the high mean value on 
the left side (32.03º) than on the right side (28.95º). It was not in accordance 
with any of the previous studies probably due to the small sample size in our 
study. So an adequate sample size selection and its relation to footwares, 
walking, posture, occupation dominance of leg and body mass index can be 
planned in forthcoming studies.  
The pathophysiology of spur formation in plantar fascia and Achilles 
tendon are still under debate related to the direction of mechanical stress and 
many more fractures. The age, sex and side also play a role. Rieport et al 
(1995) studied 1027 X ray images and found the presence of spur in 161 
(15.17%) images. They had documented that the planter spurs were more 
common (11.21%) than the dorsal spurs (9.3%). They said that the spur 
frequency was similar in both right and left feet. The planter spurs were more 
 
 
common in women and dorsal spurs were common in men. Hechmi Tormi et al 
(2014) studied 1080 lateral radiographs and found 38% incidence of spur. They 
stated that the large spurs were prevalent in 40-79 years. The plantar and 
Achilles spur presence was significantly higher in women. 
In our study the overall incidence of spur was 58%. The incidence of 
plantar spurs was higher (43.10%) than the Achilles spur (12.07%). The 
presence of spur on the left side (55.17%) was higher than the right side 
(44.83%). The presence of spur in female was higher (58.62%) than male 
(41.37%). The highest incidence of spur was present 41-60 years. Other than 
the higher incidence of spur in female population, there was no correlation of 
our study with the previous studies, probably due to the huge difference in 
sample size. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
LIMITATION AND FUTURE SCOPE 
 
 
 
 
 
LIMITATIONS AND FUTURE SCOPE OF STUDY 
 
 As the age and sex of bones were not considered, the possibility to 
decide on the incidence of type of calcanei and spur was not possible. So 
in the future studies, age and gender of the bones can be considered. A 
histological study can be planned to know the direction of tissue fibers 
in each type of spur. 
 Optimum sample size calculation would be more useful in comparing 
the calcaneal angle in both male and female population. 
 It would be more accurate if paired samples of the same person were 
measured, to find the right and left mean calcaneal angle. 
 Adequate sample size can be planned to categorize the incidence spur in 
different age groups to know the kick start point of growth of spur in 
relation to age, sex and side. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
CONCLUSION 
 
 
 
 
 
 
 
CONCLUSION 
 
In the present study, out of 120 dry adult calcanei, 30 fetal calcanei,  and 
100 X-ray images of lateral view of ankle, we could possibly conclude that the 
type of calcanei is genetically determined, rather than its functional, 
professional and habitual patterning.   
The pattern of calcaneum is prenatally decided not postnatally modified 
because both in fetal and adult calcanei the predominant incidence was Type 1 
calcanei.  
Type 1 pattern with fused anteromedial facets have more surface area 
and more obtuse angle, favouring easy sliding of the articulating facets leading 
to the formation of unstable joint which is more prone for subtalar arthritis. 
This Type1 pattern also needs modified surgical approach for corrective 
osteotomies and reconstructions.  
The detailed measurements documented in this study would help the 
podiatrists who realign the calcaneal architecture.  
 
 
 
 
 
 
 
Bohler’s angle and Gissane’s angle are reproducible measures of 
calcaneal architecture in the management of calcaneal fractures. The Range of 
these angles in the Indian population is comparatively less than the 
international reference values. It indicates that the angle is variable in different 
races. The study of these angles helps in standardization of the angles of 
calcaneum in a particular region, so as not to report a false positive or negative 
calcaneal fracture.  
 
Right side calcanei had more spur formation than the left side calcanei. 
Plantar and Achilles spur were prevalent in the age group of 41 - 60 years, 
which is more common in female population than the male population. As 
calcaneal spur is one of the cofactor in the etologies of heel pain, the 
morphological and morphometric knowledge of spur would help the 
orthopedicians in planning the surgical or non surgical line of treatment.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
SUMMARY 
 
 
 
SUMMARY 
                     Formation of arches of foot plays a key role in bipedalism in 
human beings. Calcaneum is a unique tarsal bone participating in the arch 
formation. It has six surfaces facilitating attachment of muscles, ligaments and 
joint formation. There are individual and racial differences in the anatomical 
construction of calcaneum depending on the nature of articular facets and 
calcaneal grooves. 
                    The dysmorphologies of calcaneum due to congenital anamolies or 
fractures need medical or surgical management. The aim of our study was to 
find out, the pattern of calcaneum was defined genetically and each race has a 
unique pattern of calcaneum. The detailed morphologic and morphometric 
observation would enlighten the knowledge of Anatomist, Radiologist and 
Orthopedic surgeons. 
               So a descriptive observational study planned in the department of 
anatomy in our institution and was conducted after obtaining a waiver of 
consent from the institutional ethical committee.  The study was done in 120 
adult dry human calcanei of unknown gender without anomalies, 30 calcanei of 
fetuses without gross anomalies and 100 x-ray images of ankle lateral view 
without any pathology  from the PACS in the institution.  
  
  In the dry bone study, the shape, position, pattern and number of 
articular facets was observed with naked eye to classify the calcanei. The 
 
 
length, breadth, height of calcaneum and length, breadth, height of interfacetal 
grooves were measured with the sliding digital vernier caliper. The numbers of 
foramina in the interarticular groove were observed with hand lens. The place, 
type and shape of spurs were observed with hand lens and the morphometry 
was taken with the help of vernier caliper.  
 The surface area and angles of calcanei were measured as per standard 
method.  In the fetal bones, the shape of articular facets and the nature of 
interfacetal grooves were observed with hand lens and then they were classified 
as in adult pattern. In normal lateral view of x-ray images of ankle, the 
incidence of spur was observed. The Bohler’s and Gissanes angle were 
measured with the help of special electronic on screen caliper tool.  
                 Out of the 120 dry calcaneal bones observed, 4 types of calcanei 
were identified except type 4 which was not found. Among these, Type 1 had 
the predominant incidence (68.33%) followed by Type 2 (26.67%) and Type 5 
(0.83%) had the least incidence. While analyzing the subtypes, Type 1b 
(36.67%) had more incidences. In both anterior and middle articular facets, the 
oval shaped facets were predominant followed by the elongated facets. 
Whereas in posterior facets the circular shaped facets were predominant 
followed by rectangular facets. The mean value of surface area of anterior 
articular facet was 110.5mm2, anteromedial facet was 268.77mm2, middle facet 
was 145.93 mm2 and the posterior facet was 496.65mm2. The mean surface 
area of anteromedial facet of Type 1 calcanei was higher than the addition of 
surface area of anterior and middle facets of Type 2 calcanei.  
 
 
      The mean value of anterior calcaneal groove width in Type 2 
calcanei was 1.6 to 8.06mm.  4types of posterior calcaneal grooves were 
observed in our study. Funnel shape had the highest incidence (46.6%) and 
reverse funnel had the least incidence. The mean value of posterior calcaneal 
groove length was 16.82mm. The mean value of posterior calcaneal groove 
breadth in the anterior part of groove was 9.52mm, in the middle part of groove 
was 5.74mm and in the posterior pant of groove was 6.89mm. The mean value 
of posterior calcaneal groove depth was 2.62mm. In the anterior part of 
calcaneal groove the numbers of vascular foramina were the highest (2.86).  
               The dorsal spur had the highest incidence (26.67%) followed by the 
plantar spur (24.17%) and both types of spur (11.67%) had least incidence. 
Incidence of spur in Type 1 calcanei was the highest (77.05%) followed by 
Type 2 calcanei (21.31%). The incidence of spur on the right side bones was 
higher than the left side bone. The mean value of its total length was 3.86mm, 
breadth was 15.5mm and thickness was 2.9mm.  
 
 The mean value of sustentacular length was 22.47mm. The mean value 
of sustentacular length was 22.47mm. The mean value of sustentacular angle in 
Type 1 calcanei was higher (142.40o+16.16o) than the Type 2 calcanei 
(117.03o+19.89o). The mean value of antero posterior length was 71.81mm, the 
anterior breadth was 26.33mm and the posterior breadth was 30.79mm.  
 
 
 
            In analyzing the fetal calcaneal bones Type 1b calcanei had the highest 
incidence followed by Type 1a. 
 
            In the 100 images of lateral view of ankle radiographs were observed, 
the mean Bohler’s angle was 30.49o and the mean Gissane’s angle was 114.80o. 
The mean Bohler’s angle had a significant difference while comparing the right 
side in female and left side in female samples with a P value of 0.047.  
 
 The presence of spur was higher (32%) on the left side than right side. 
The incidence of spur in females was higher (34%) than the male population 
(24%). There was a gradual increase in incidence of spur from 21to 60 years. 
The highest incidence of spur was in the age group of 41 to 50 years and the 
least incidence was in less than 20 years of age. Both Achilles and plantar spur 
had the highest incidence (44.83%) and the least incidence was found in 
Achilles spur (12.07%).  
 
 
 
 
 
 
 
 
 
 
            Type 1 calcanei had the highest incidence both in adult and fetal bone 
study.  The increased sustentacular angle and more surface area of Type 1 
calcanei could favour easy gliding of atrticular facets and formation of unstable 
joint, resulting in early subtalar arthritis. The orthopedic surgeons’ 
reconstructing the calcaneal dearrangements will be benefited by the detailed 
knowledge of calcaneal morphometry. The surgical techniques need 
modification while treating the Type 1 calcanei which is more common in 
Indian population in contrast to Type 2 calcanei present in European 
population.  
 As calcaneal spur is one of the cofactor in the etologies of heel pain, the 
morphological and morphometric knowledge of spur observed in this study 
would help the podiatrist in planning the surgical or non surgical line of 
treatment.   
 The   limit of Bohler’s and Gissane’s angle was comparatively less in 
our population than in international standards. The study of these angles in this 
population helps the Radiologist in, not reporting a false positive or negative 
calcaneal fracture. The angles of calcaneum play a key role in reconstructing 
the arches of foot in calcaneal fracture and also in assessing the prognosis of 
fracture management. 
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